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➨ 1 ❶ ᗎㄽ  
 
1.1.  㛢㙐ᛶỈᇦࡢㄢ㢟  
1.1.1.  㧗ᗘ⤒῭ᡂ㛗ᮇ࡟⏕ࡌࡓㄢ㢟  







⣔ᾏᇦ࡟࠾࠸࡚⸴ሙࡸᖸ₲ࡀῶᑡࡋࡓࠋ඲ᅜ࡛ࡣ㸪 1978 ᖺ௨㝆࡟ ,⥲㠃✚
(1989㹼 91 ᖺ᫬Ⅼ )201,200 ha ࡢ 3%࡟࠶ࡓࡿ 6,400 ha ࡀᾘ⁛ࡋࡓ㸦⎔ቃᗇ  
1994)ࠋ℩ᡞෆᾏ࡛ࡣ 1970 ᖺ௦࡟ᇙࡵ❧࡚࡟ࡼࡿᾘ⁛ࡸỈ㉁ở⃮࡟ࡼࡾ࢔࣐
ࣔሙࡀ 1/4 ࡟ࡲ࡛ῶᑡࡋࡓ㸦ᑎ⬥ࡽ  1999㸧ࠋ࡜ࡃ࡟᧛☻ℿ࡛ࡢῶᑡࡀⴭࡋ࠸



































ᖺ 3㹼 6 ᅇࡢ㟷₻ࡀほ ࡉࢀ࡚࠸ࡿ㸦㣤ᮧࡽ  2012㸧ࠋ  
 






㸦Yamamoto 2003㸪ᒣᮏ  2015, ከ⏣  2010㸧ࠋࡉࡽ࡟㈋ᰤ㣴໬ࡋ࡚࠸࡚ࡶᾏ
ᗏ࡟᭷ᶵ㉁࡟ᐩࢇࡔἾࡀሁ✚ࡋ㸪ᗏᒙ࡟࠾࠸࡚㈋㓟⣲໬ࡸ◲໬Ỉ⣲ࡀⓎ⏕ࡍ





࡞࡝ࡢ࡯࠿㸪㕲࡞࡝ࡢᰤ㣴ᡂศࡢ୙㊊ࡀᣲࡆࡽࢀ࡚࠸ࡿ (᱓ཎࡽ  2006)ࠋᾏ⸴
㢮ࡸ⸴ሙ࡛⏕άࡍࡿ㨶௓㢮࡞࡝ࡢỈ⏘㈨※ࡀ኱ࡁࡃῶᑡࡍࡿ࡞࡝ࡢᙳ㡪ࢆཬ
ࡰࡋ࡚࠸ࡿ㸦⸨⏣  2011㸧ࠋ  
 
1.2.  ἲᩚഛ࣭⾜ᨻࡢືࡁ  
 ⾜ᨻ࡛ࡣ㸪Ỉ㉁ở⃮ࡀⴭࡋ࠸㛢㙐ᛶᾏᇦ㸦ᮾி‴㸪ఀໃ࣭୕Ἑ‴㸪℩ᡞෆ
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ᾏ㸧ࡢỈ㉁ᨵၿࢆᅗࡿࡓࡵ㸪⥲㔞つไไᗘࢆ⟇ᐃࡋࡓࠋつไᑐ㇟㡯┠ࡣ㸪➨
1 ḟ⥲㔞つไ㸦 1979 ᖺ⟇ᐃ㸧࡛ࡣ໬Ꮫⓗ㓟⣲せồ㔞㸦COD㸧㸪➨ 5 ḟ⥲㔞つ
ไ㸦 2001 ᖺ⟇ᐃ㸧࠿ࡽࡣ඲ࣜࣥ㸪඲❅⣲ࡀ㏣ຍࡉࢀ࡚࠸ࡿࠋ℩ᡞෆᾏ࡟࠾࠸
࡚ࡣ 1973 ᖺ࡟℩ᡞෆᾏ⎔ቃಖ඲⮫᫬ᥐ⨨ἲ㸪1979 ᖺ࡟℩ᡞෆᾏ⎔ቃಖ඲≉
ูᥐ⨨ἲࡀ᪋⾜ࡉࢀ㸪⏘ᴗ⣔ࡢ᤼Ỉࡢ COD ㈇Ⲵࡢ๐ῶ┠ᶆࡀᐃࡵࡽࢀࡓࠋ
ḟ࠸࡛ࣜࣥ࡟ࡘ࠸࡚ 1980 ᖺᗘ௨㝆㸪❅⣲ࡶ 1996 ᖺᗘ௨㝆࡟๐ῶᣦᑟࡀᐇ᪋
ࡉࢀ㸪 1999 ᖺ࡟つไࡀ㐺⏝ࡉࢀࡓࠋࡇࢀࡽࡢ᪋⟇࡟ࡼࡾ㸪 2000 ᖺ௦࡛ࡣ℩
ᡞෆᾏ࡬ࡢ COD Ⓨ⏕㈇Ⲵ㔞࡜඲ࣜࣥࡣ 1970 ᖺ௦࡟ẚ࡭࡚༙ῶ㸪඲❅⣲㈇Ⲵ
ࡣ 2/3 ࡟ῶᑡࡋࡓ㸦⎔ቃ┬⟬ᐃ್㸧ࠋ  
 ࡇࡢࡼ࠺࡞᪋⟇࡟ࡼࡾ㸪㉥₻ࡣ 1975 ᖺ๓ᚋ࡟ᖺ㛫 200㹼 300 ௳⛬ᗘࡢ㉥
₻ࡀⓎ⏕ࡋ࡚࠸ࡓࡀ㸪㛗ᮇⓗ࡟ࡣῶᑡഴྥ࡟࠶ࡾ㸪㏆ᖺ࡟࠾࠸࡚ࡣᖺ㛫 100
௳⛬ᗘࡢᶓࡤ࠸࡛᥎⛣ࡋ࡚࠸ࡿࠋ㉥₻ࡢⓎ⏕࡟క࠺㣴Ṫ㨶㢮ࡢᩢṚ࡜࠸ࡗࡓ
⁺ᴗ⿕ᐖࡣ㸪ࣆ࣮ࢡ᫬࡟ࡣᖺ㛫 29 ௳࡛࠶ࡗࡓࡀ㸪㏆ᖺ࡛ࡣᖺ㛫 10 ௳⛬ᗘ࡜
࡞ࡗࡓ㸦Ỉ⏘ᗇ℩ᡞෆᾏ⁺ᴗㄪᩚ஦ົᡤ  2015㸧ࠋ  
 ࡋ࠿ࡋ㸪ࡇࡢࡼ࠺࡟㸪㝣ᇦ㈇Ⲵࢆῶᑡࡉࡏࡿࡇ࡜࡟ࡼࡾ㉥₻Ⓨ⏕௳ᩘࡶ୍
ᐃࡢᡂᯝࢆᣲࡆࡓ࡟ࡶ࠿࠿ࢃࡽࡎ㸪Ỉ⏘㈨※ࢆྵࡵࡓ⏕≀⏕⏘㔞ࡢቑ኱࡟ࡣ

















࡞࡝ࡢほⅬࡀ᪂ࡓ࡟ຍ࠼ࡽࢀࡓ㸦 2015 ᖺ 2 ᭶㛶㆟Ỵᐃ㸧ࠋ  
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1.3.  ᾏᇦ⎔ቃಟ᚟ᢏ⾡  






ሙ㐀ᡂᢏ⾡㸦ᑠ㔝ࡽ  2002㸧ࡀ㸪ᚋ⪅࡛ࡣ࢔࣐ࣔࡢ᧛✀ᢏ⾡㸦㔠⃝ࡽ  2003㸧
ࡸ⛣᳜ᢏ⾡㸦㧗ᒣࡽ  2008㸧࡞࡝ࡢ஦౛ࡀ㛤Ⓨ࣭ᥦ᱌ࡉࢀ࡚࠸ࡿࠋ  
 





























 Fe ࡜ S ࡢ཯ᛂࡣ㠀ᬗ㉁ࡢ FeS ࡀ๓㥑య࡜ࡋ࡚⏕ᡂࡋ㸪ࡇࡢ FeS ࡜ S0 ࡀ཯
ᛂࡋ࡚ FeS2 ࡀ⏕ᡂࡍࡿࠋFeS2 ࡣ⇕ຊᏛⓗ࡟Ᏻᐃ࡛࠶ࡿࡀ㸪Fe ࡜ S ࡢ཯ᛂ࡛
┤᥋ FeS2 ࡀ⏕ᡂࡉࢀࡿࡇ࡜ࡣ࡞࠸࡜㏙࡭ࡽࢀ࡚࠸ࡿ㸦 Schoonen and Barnes 
1991㸧ࠋ  
◲໬Ỉ⣲࡜཯ᛂࡍࡿ Fe2O3 ࡞࡝ࡢ㓟໬㕲㸪Ỉ㓟໬㕲ࡣࡑࡢ㖔≀┦ࡢᕪ␗࡟
ࡼࡾ㸪཯ᛂ㏿ᗘࡀ␗࡞ࡿ㸦Canfield et al . 1992㸧ࠋࡲࡓ㸪ඹᏑࡍࡿ௚ࡢ㔠ᒓ




ࣛࣥࢫ࡟ࡼࡗ࡚࠸ࡿ㸦Rozan et al . 2002㸧  
 ⮬↛ᖸ₲࡛ᗏἾ୰ࡢ㕲ྵ᭷㔞ࡀ㧗࠸ሙᡤࡣ◲໬Ỉ⣲ࡢⓎ⏕ࡀ࡯࡜ࢇ࡝ぢࡽ
ࢀࡎ㸪㕲ྵ᭷㔞ࡢప࠸ሙᡤ࡛ࡣ㧗࠸⃰ᗘࡢ◲໬Ỉ⣲Ⓨ⏕ࡀ࠶ࡿࡇ࡜ࡀሗ࿌ࡉ
ࢀ࡚࠸ࡿ㸦Kanaya and Kikuchi 2004㸧ࠋᗏ㉁࡟㕲⢊ࢆᩓᕸࡍࡿᐇ㦂ࢆ⾜࠸㸪
㕲⢊ᩓᕸ༊ࡢ⁐Ꮡ◲໬≀ࡀᢚไࡉࢀࡓࡇ࡜ࡀ♧ࡉࢀ࡚࠸ࡿ㸦㔠㇂ࡽ  2009㸧ࠋ





ࡢᙧែࡢ⎔ቃⓗኚ໬࡟㛵ࡍࡿ◊✲ࡶ⾜ࢃࢀ࡚ ࠸ࡿ㸦 Rozan et al. 2002, 
Thamdrup et al. 1994㸧ࠋRozan ࡽࡣ㸪ኟᏘ࡟◲㓟㑏ඖ⳦ࡢാࡁ࡟ࡼࡗ࡚㑏
ඖࡉࢀࡓ◲໬Ỉ⣲ࡀࣜࣥ࡞࡝ࡢᰤ㣴ሷࢆ྾╔ࡋࡓ㕲࡜཯ᛂࡍࡿࡇ࡜࡛㸪ᰤ㣴
ሷࡀỈ୰࡟ᨺฟࡉࢀࡿ࡜㏙࡭࡚࠸ࡿ㸦Rozan et al.  2002㸧ࠋ  
 




఍㆟⎔ቃၥ㢟ᑐ⟇ጤဨ఍  2011㸧࡞࡝࡛ᐇ᪋ࡉࢀ࡚࠸ࡿࠋ  
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ࡢ౛࡜ࡋ࡚㸪Ⅳ㓟ᅛ໬య㸦☾ᑿࡽ  2000 ᖺ㸧㸪Ỉ࿴ᅛ໬య㸦ᯇỌࡽ  2004㸧ࡀ
࠶ࡾ㸪ྛᆅ࡛ࡢᐇドヨ㦂ࢆ⤒࡚ᐇ⏝໬ࡉࢀ࡚࠸ࡿࠋᚋ⪅࡟ࡘ࠸࡚ࡶྠᵝ࡟ᐇ




ࡘ࠶ࡿ㸦Ọ␃ࡽ  2012㸧ࠋ  








࡚⁐Ꮡ◲໬≀ࡀపῶࡍࡿࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿ㸦ఀ⸨ࡽ  1997㸧ࠋ➹⪅ࡽࡣ㸪2003 
ᖺ 7 ᭶࡟㸪㟼ᒸ┴㟼ᒸᕷΎỈ ࡢ‴ዟ㒊㸦Fig. 1-1㸧࡟࠾࠸࡚㸪Fig. 1-2 ࡟
♧ࡍࡼ࠺࡟ሢ≧〇㗰ࢫࣛࢢ㸪ⰼᓵᒾሢ㸪ࢥࣥࢡ࣮ࣜࢺሢ㸦ᚄ 30㹼 40 mm㸧ࢆ
ࡑࢀࡒࢀෆᐜ✚ 12 L ࡢᐜჾ࡟ධࢀ࡚ᾏᗏ࡟タ⨨ࡋ㸪タ⨨ 2 ࣧ᭶ᚋࡢ㛫㝽Ỉ
୰ࡢ◲໬≀⃰ᗘࢆẚ㍑ࡋࡓࠋࡑࡢ⤖ᯝ㸪Fig. 1-3 ࡟♧ࡍࡼ࠺࡟㸪〇㗰ࢫࣛࢢ
ࡢ◲໬Ỉ⣲Ⓨ⏕ᢚไຠᯝࢆ᫂ࡽ࠿࡟ࡋࡓࠋࡲࡓ㸪 2005 ᖺ 7 ᭶࡟㸪ᾏᗏ㸦Ỉ
῝ 20 m㸧࡟࠾࠸࡚㸪ሁ✚≀㈇Ⲵࡀ࠶ࡿ㣴Ṫሙࡢᾏᗏ㸦ᗈᓥ┴Ụ⏣ᓥ‴㧗⏣ 
Ἀྜࡢ࢝࢟⟁ୗ㸧࡟⢏ᚄ 30㹼 100 mm ࡢሢ≧ࢫࣛࢢࢆෆᐜ✚ 20 L ࡢᗏࢆᢤ
࠸ࡓᐜჾ࡟ධࢀ࡚タ⨨ࡋࡓ㸦Fig. 1-4㸧ࠋẚ㍑ᮦ࡜ࡋ࡚ྠ➼⢏ᚄࡢⰼᓵᒾࡶタ
⨨ࡋࡓࠋࡑࡢ⤖ᯝ㸪タ⨨ᚋ 1 ᖺ㛫࡟ࢃࡓࡾ Fig. 1-5 ࡟♧ࡍࡼ࠺࡟〇㗰ࢫࣛࢢ
  7 
ࡢ㛫㝽Ỉࡢ⁐Ꮡ◲໬≀ࢆᢚไࡍࡿ࡜࡜ࡶ࡟㓟໬㑏ඖ㟁఩ࡀⰼᓵᒾ㛫㝽Ỉࡼࡾ








ᡂࡉࢀࡿࡇ࡜ࢆ♧ࡋࡓ㸦Hayashi et al .  2013, Hayashi et al .  2014㸧ࠋKim ࡽ
ࡣࢫࣛࢢ୰ࡢ࣐ࣥ࢞ࣥࡀ◲໬Ỉ⣲ࢆ㓟໬ࡸ MnS ᙧᡂ࡟ࡼࡾ㝖ཤࡍࡿ࡜ሗ࿌
ࡋ࡚࠸ࡿ (Kim et al.  2012㸧ࠋOkada ࡽࡣ〇㗰ࢫࣛࢢࡢ୰ࡢ㕲࡜࣐ࣥ࢞ࣥࡀ◲
໬Ỉ⣲ࢆ㓟໬ࡍࡿࡇ࡜ࡸ FeS ࡢᙧᡂ࡟ࡼࡾ H2S ࢆ㝖ཤࡍࡿࡇ࡜ࢆぢฟࡋࡓ
(Okada et al.  2014)ࠋ  
 〇㗰ࢫࣛࢢࡢࡶ࠺ࡦ࡜ࡘࡢ໬Ꮫⓗຠᯝ࡜ࡋ࡚㸪࢔ࣝ࢝ࣜᡂศ࡟ࡼࡿ◲㓟㑏
ඖ⳦ࡢάᛶᢚไࡀᣲࡆࡽࢀࡿࠋ◲㓟㑏ඖ⳦ࡣ㧗 pH ᮲௳ୗ࡛ࡑࡢάືࡀᢚไ











Ỉ⣲ࡀపῶࡍࡿࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋ㸪ࡉࡽ࡟◲㯤ࡢ K Ẇ࡟㛵ࡍࡿ X ⥺྾཰ᚤ⣽
ᵓ㐀㸦XAFS㸧ศᯒ࡟ࡼࡾ▼Ⅳ⅊㐀⢏≀࠿ࡽ⁐ฟࡍࡿ Fe㸪Mn ࡀ◲໬Ỉ⣲࡜
཯ᛂࡍࡿࡇ࡜࠾ࡼࡧ㓟໬㞺ᅖẼࢆᙧᡂࡍࡿࡇ࡜࡟ࡼࡾ◲໬≀࢖࢜ࣥࡀ S㸪
S2O3㸪SO4 2 -࡞࡝࡟㓟໬ࡉࢀࡿ࡜㏙࡭࡚࠸ࡿ㸦Asaoka et al .  2009㸧ࠋࡲࡓ㸪
㓟໬࣐ࣥ࢞ࣥࡀ◲໬Ỉ⣲ࡢ㓟໬࡟ᐤ୚ࡋ࡚࠸ࡿ࡜࠸࠺ሗ࿌ࡶ࠶ࡿ㸦Asaoka et 
al.  2012㸧ࠋFe ࢖࢜ࣥ࡜◲໬≀࢖࢜ࣥࡀ཯ᛂࡋ㸪㯮ⰍỿẊ≀㸦 FeS㸧ࡀ⏕ᡂࡉ
ࢀࡓ࠶࡜㸪▷᫬㛫࡛ S㸦༢య◲㯤㸧࡟ኚ໬ࡍࡿ࡜࠸࠺⤖ᯝࡶሗ࿌ࡉࢀ࡚࠸ࡿ
㸦Schoonen and Barnes 1991㸧ࠋ  
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 ௚࡟ࡶ࢝࢟Ẇ࡟ࡘ࠸࡚ࡶྠᵝࡢሗ࿌ࡀ࡞ࡉࢀ࡚࠸ࡿ㸦Asaoka et al .  2009, 













ᐇドࡉࢀ࡚࠸ࡿ㸦Oyamada et al.  2009㸧ࠋ  
 㕲㗰ࢫࣛࢢ௨እ࡛ࡣ㸪㕲⢊࡜▼Ⅳ⅊࡜ࢡ࢚ࣥ㓟ࢆ⤌ࡳྜࢃࡏࡓ㕲౪⤥᪋⫧
ᮦࡀ㛤Ⓨࡉࢀ࡚࠸ࡿ㸦ᒣᮏࡽ  2014㸧ࠋ  
 
















㧗⅔ࢫࣛࢢࡣ㖧㕲 1 t ࠶ࡓࡾ⣙ 290 kg ⏕ᡂࡉࢀࡿࠋ⁐⼥≧ែࡢࢫࣛࢢࢆ㧗






ࡢ࡛㸪⢒㗰 1 t ࠶ࡓࡾ⣙ 110 kg ⏕ᡂࡉࢀࡿࠋᚋ⪅ࡣ㕲ࢫࢡࣛࢵࣉࢆ⁐⼥࣭
⢭㘐ࡋࡓ࡜ࡁ࡟⏕ᡂࡍࡿࠋ  
 
1.5.2.   ᡂศ࡜⏝㏵  
 㕲㗰ࢫࣛࢢࡣ▼⅊㸦CaO㸧㸪ࢩࣜ࢝㸦SiO΃㸧㸪࢔࣑ࣝࢼ㸦Al΃O΄㸧㸪㓟໬࣐ࢢ
ࢿࢩ࣒࢘㸦MgO㸧㸪㓟໬㕲㸦 FeO㸧࡞࡝ࢆྵ᭷ࡋ࡚࠸ࡿࠋྛ㕲㗰ࢫࣛࢢࡢ⤌
ᡂ౛ (㚩㗰ࢫࣛࢢ༠఍  2014㸧ࢆ Table 1-1 ࡟♧ࡍࠋ  
 㧗⅔ࢫࣛࢢ࠾ࡼࡧ〇㗰ࢫࣛࢢࡢ඲ᅜ⏝㏵ู౑⏝㔞㸦 2012 ᖺᗘᐇ⦼㸧ࢆࡑࢀ
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1.7.  ㄽᩥࡢᵓᡂ  




























 ➨㸳❶࡛➨㸯❶࠿ࡽ➨㸲❶ࡲ࡛ࡢ⥲ᣓࢆ⾜ࡗࡓࠋ  
 
 











Fig.  1-1. Location of the on-site test at Shimizu Port in Shizuoka (Miyata 











Fig.  1-2. Schematic diagram of the  on-site test to verify the effect  of the 
steelmaking slag on suppressing dissolved sulfide. Stone-shape concrete 
blocks, granite blocks, and steelmaking slag  were set on the sea bottom at 






















Fig. 1-3. Sulfide concentrations in overlying water, middle and bottom 
interstitial water in stone-shape concrete blocks, granite blocks , and 
steelmaking slag two months later the installation in July 2003. Cited 
from Miyata et al . (2009).  













Fig.  1-4. Schematic diagram of the test conducted under the oyster 
culture raft . Etajima Bay, Hiroshima (Miyata et al.  2009). Stone-shape 
steelmaking slag and granite were put in 20 L containers, and installed 















Fig. 1-5. Temporal  changes of (a) sulfide concentration and (b) 
oxidation-reduction potential (ORP) in interstitial  water (Miyata et al .  

























Fig. 1-6. Classification of iron and steel  slags. 
    (㚩㗰ࢫࣛࢢ༠఍  2014㸧  
 
Table 1-1. Typical  chemical composition of iron and steelmaking slags.  

































furnace slag Reducing slag
CaO 41.7 45.8 22.8 55.1 5.8 64.2
SiO2 33.8 11 12.1 18.8 59.6 22
T-Fe 0.4 17.4 29.5 0.3 3.1 3
MgO 7.4 6.5 4.8 7.3 2.8 1.5
Al2O3 13.4 1.9 6.8 16.5 17.3 5.5
S 0.8 0.06 0.2 0.4 - 2
P2O5 䠘0.1 1.7 0.3 0.1 - -




Electric arc furnace slag
Converter slag














Fig. 1-7. Usage of blast furnace slag in 2012 in Japan  (Unit:  103 t) .  
















Fig. 1-8. Usage of steelmaking slag in 2012 in Japan (Unit:  103 t) .  
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➨ 2 ❶ 〇㗰ࢫࣛࢢ࡟ࡼࡿ᭷ᶵ㉁ᗏἾ୰ࡢ◲໬≀ᢚไ࡟㛵ࡍࡿᐊෆヨ㦂  
࡟ࡼࡿ᳨ド  
 
2.1. ⥴ゝ  
 ᗈᓥ┴⚟ᒣᕷࡢ⚟ᒣ ‴ዟ㒊࡟఩⨨ࡍࡿ⚟ᒣෆ 㸦 Fig. 2-1㸧ࡣ㸪ᖜ 100 m
ዟ⾜ 2.2 km ࡛Ỉ῝ 2㹼 4 m ࡢ㐠Ἑ≧ࡢᾏᇦ࡛㸪ྵỈẚࡀ㧗ࡃ㸪᭷ᶵ≀ྵ᭷










2.2. ヨ㦂᪉ἲ  
2.2.1. ౑⏝ᮦᩱ  
 2010 ᖺ 9 ᭶࡟⚟ᒣෆ ዟ㒊ࡢᗏἾ㸦௨ୗ㸪༢࡟ࠕἾ ࡜ࠖ⛠ࡍࡿ㸧ࢆ᥇ྲྀࡋ㸪
ᐇ㦂࡟౪ࡋࡓࠋࡑࡢእほࢆ Fig. 2-2 ࡟㸪ᛶ≧ࢆ Table 2-1 ࡟♧ࡍࠋ◲໬≀⃰
ᗘࡣỈ⏘⏝Ỉᇶ‽㸦᪥ᮏỈ⏘㈨※ಖㆤ༠఍⦅㸪2000㸧ࡢୖ㝈್㸦 0.2 mg/g ஝
Ἶ㸧ࡢ 10 ಸ௨ୖࢆྵ᭷ࡋ㸪ᙉ࠸◲໬Ỉ⣲⮯ࢆⓎࡋࡓࠋࡲࡓ㸪COD ࡶỈ⏘⏝
Ỉᇶ‽ࡢୖ㝈್㸦 20 mg/g㸧௨ୖ࡛࠶ࡗࡓࠋᐇ㦂࡟⏝࠸ࡓ〇㗰ࢫࣛࢢ㸦௨ୗ㸪
༢࡟ࠕࢫࣛࢢ 㸧ࠖࡣ㸪 JFE ࢫࢳ࣮ࣝす᪥ᮏ〇㕲ᡤ〇࡛㸪⢏ᗘࢆ 5㹼 10 mm ࡟
ᩚ⢏ࡋࡓࡶࡢ࡛࠶ࡿ㸪ࢫࣛࢢࡢእほࢆ Fig.  2-3 ࡟㸪໬Ꮫ⤌ᡂࢆ Table 2-2 ࡟
♧ࡍࠋࢫࣛࢢࡣ㸪Fe㸪CaO㸪SiO2㸪Al2O3 ࡞࡝ࢆ୺ᡂศ࡜ࡋ㸪࡜ࡃ࡟ Fe ࠾
ࡼࡧ Ca ᡂศࡀከ࠸ࡢࡀ≉ᚩ࡛࠶ࡿࠋࡲࡓ㸪ࢫࣛࢢ࡜ࡢẚ㍑ࡢࡓࡵ㸪⢏ᗘࢆ 5
㹼 10 mm ࡟ᩚ⢏ࡋࡓኳ↛▼㸦ⰼᓵᒾ㸧ࡶ⏝࠸ࡓࠋ  
 
2.2.2. 〇㗰ࢫࣛࢢ࡟ࡼࡿ᭷ᶵἾ୰ࡢ◲໬Ỉ⣲Ⓨ⏕ᢚไヨ㦂  
 ᮏヨ㦂ࡣ㸪ᗈᓥ┴➉ཎᕷࡢἢᓊ㒊࡟఩⨨ࡍࡿᗈᓥ኱Ꮫ➉ཎࢫࢸ࣮ࢩࣙࣥ
㸦Fig. 2-4㸧࡟࡚㸪 2011 ᖺ 10 ᭶ 5 ᪥࠿ࡽ 2012 ᖺ 3 ᭶ 27 ᪥ࡲ࡛ᐇ᪋ࡋࡓࠋ
ࢫࣛࢢࢆἾ࡟ୖ⨨ࡁ㸦そ◁㸧㸪ࡲࡓࡣἾ࡜ΰྜࡋࡓࠋ  
 ࡇࢀࡽࡣᐇᾏᇦ࡟ࢫࣛࢢࢆ㐺⏝ࡍࡿ㝿ࡢᐇ㝿ࡢ᪋ᕤ᪉ἲࢆ᝿ᐃࡋࡓࡶࡢ࡛
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࠶ࡿࠋ኱ᆺỈᵴ㸦ᐜ㔞 500 L㸧࡟ 30 L ᐜ㔞ࡢ෇ᰕᆺࡢỈᵴ (ෆᚄ 346 mm㸪
㧗ࡉ 320 mm)ࢆタ⨨ࡋࡓࠋ࠸ࡎࢀࡶỈ ࡣไᚚࡋ࡞࠿ࡗࡓࡀ㸪ྛỈᵴ㛫ࡢỈ
 ᮲௳ࡢᕪࢆ᭱ᑠ㝈࡟ಖᣢࡍࡿࡓࡵ㸪Fig.  2-5 ࡟♧ࡍࡼ࠺࡟኱ᆺỈᵴ࡟ᾏỈ
ࢆᑟධࡋࡓࠋヨ㦂༊ No. 1 ࡣ㸪Ỉᵴ࡟Ἶࢆ 15.0 L ィ㔞ࡋ࡚ධࢀࡓ㸦㧗ࡉ⣙




ࢫࣛࢢࢆୖ஌ࡏࡋࡓ≧ែࢆᶍᨃࡋࡓࠋヨ㦂༊ No. 2 ࡣ㸪3.0 L ࡢࢫࣛࢢࢆ 15.0 
L ࡢἾ࡜ΰྜࡋࡓ㸦௨ୗ㸪ࢫࣛࢢ࣭Ἶΰྜ༊㸧ࠋࡇࢀࡣᾏᗏ࡛ࡢ⌧ᆅΰྜࡲ
ࡓࡣ⯪ୖ࡟Ἶࢆᘬࡁୖࡆ࡚ࢫࣛࢢ࡜ΰྜࡋ㸪෌タ⨨ࡍࡿࡇ࡜ࢆᶍᨃࡋࡓࡶࡢ
࡛࠶ࡿࠋヨ㦂༊ No. 3 ࡣ㸪ヨ㦂༊ No. 1 ࡢẚ㍑࡜ࡋ࡚㸪ኳ↛▼ 3.0 L ࢆ 15.0 
L ࡢἾ࡟ୖ⨨ࡁࡋࡓ㸦௨ୗ㸪ኳ↛▼ୖ⨨ࡁ༊㸧ࠋヨ㦂༊ No. 4 ࡣ㸪ୖグ 3 ヨ
㦂༊ࡢᑐ↷࡜ࡋ࡚㸪 15.0 L ࡢἾࢆỈᵴ࡟ධࢀࡓ㸦௨ୗ㸪Ἶ༢య༊㸧ࠋࡇࢀࡽ
ࡢヨ㦂༊࡟ᑐࡋ࡚㸪➉ཎࢫࢸ࣮ࢩࣙࣥἈ࠿ࡽỮࡳୖࡆࡓ◁ࢁ㐣ᾏỈࢆ㟼࠿࡟
ᐜჾࡢୖ➃ࡲ࡛‶ࡓࡋࡓࡢࡕ㸪ࣃࢵ࢟ࣥ௜ࡁࡢୖ⵹ࢆ⿕ࡏ㸪㔜▼ࢆ⨨ࡃࡇ࡜
࡛እẼ࠿ࡽ㐽᩿ࡋࡓୖࠋ グ 4ヨ㦂༊࡟ࡘ࠸࡚ 1ヨ㦂༊࡟ࡘࡁ 3᳨యస〇ࡋࡓࠋ
⵹࡟ࡣ 4 mm ෆᚄࡢࢱ࢖ࢦࣥࢳ࣮ࣗࣈࢆ᥋⥆ࡋ㸪ࢁ㐣ᾏỈࢆ㏻Ỉࡋࡓࠋ⚟ᒣ
ෆ እ࠿ࡽὶධࡍࡿᾏỈࡢᖹᆒ⁫␃᫬㛫ࡢ᥎ᐃ್㸦 5㹼 6 ᪥㸹ᆤᕝࡽ  2010㸧
࡟ᇶ࡙ࡁ㸪㏻Ỉ㔞ࢆ 3.0 L/ ᪥࡜ࡋࡓࠋୖ⵹ࡢࣃࢵ࢟ࣥ࡟ᑠࡉ࠸㝽㛫ࢆタࡅ࢜
࣮ࣂ࣮ࣇ࣮ࣟࡉࡏࡓࠋ  
 ヨ㦂㛤ጞ 15㸪27㸪40㸪68㸪122 ࠾ࡼࡧ 172 ᪥ᚋ࡟ࢧࣥࣉࣝࢆ᥇ྲྀࡋ㸪ྛ
✀ ᐃࢆ⾜ࡗࡓࠋࡲࡎ㸪ୖ⵹࡜Ỉ㠃ࡢ㝽㛫ࡢẼ┦࡟ࡘ࠸࡚㸪ୖ⵹ࡢὀỈཱྀࡢ
ࢳ࣮ࣗࣈ࡟㸪࢞ࢫ᳨▱⟶㸦 4L㸪 4LK㸪 4LT, ࢞ࢫࢸࢵࢡ㸧ࢆ᥋⥆ࡋ࡚◲໬Ỉ
⣲࢞ࢫࢆ ᐃࡋࡓࠋࡑࡢᚋ㸪ୖ⵹ࢆྲྀࡾእࡋ࡚┤ୖỈ㸪ୖᒙࡢᗏ㉁㛫㝽Ỉ㸪
࠾ࡼࡧୗᒙࡢᗏ㉁㛫㝽Ỉࢆࡑࢀࡒࢀᗏ㉁ࡢ⾲㠃࠿ࡽ 80 mm ୖ㸪 10 mm ୗ㸪
࠾ࡼࡧ 80 mm ୗࡢ㧗ࡉ㸦Fig. 2-6 ࡢⅬ⥺ᯟ࡛♧ࡍ఩⨨㸧࡟࡚᥇ྲྀࡋࡓࠋ┤




᳨▱⟶ 200SA㸪 200SB㸪ග᫂⌮໬Ꮫ㸧ࢆ ᐃࡋࡓࠋ  
 
2.2.3 ᭷ᶵἾ࡟ᾐₕࡋࡓ〇㗰ࢫࣛࢢ⢏Ꮚࡢほᐹ  
 ⚟ᒣෆ ࡟࠾࠸࡚㸪2.2.2 ࡜ྠࡌ〇㗰ࢫࣛࢢࢆᐇᾏᇦࡢᗏἾ୰࡟ᾐₕࡋࡓࠋ
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4 ࣧ᭶㛫㸦 2011 ᖺ 8 ᭶࠿ࡽ 2011 ᖺ 12 ᭶㸧ᾐₕᚋ࡟ᅇ཰ࡋࡓ〇㗰ࢫࣛࢢ⢏Ꮚ
࡟ࡘ࠸࡚㸪௜╔ࡋࡓἾࢆ࣮࣌ࣃ࣮ࢱ࢜ࣝ࡟࡚㍍ࡃ㝖ཤࡋ㸪㉮ᰝᆺ㟁Ꮚ㢧ᚤ㙾
㸫࢚ࢿࣝࢠ࣮ศᩓᆺ X ⥺ศගἲ㸦SEM-EDX㸪᪥ᮏ㟁Ꮚ㸧ࢆ⏝࠸࡚㸪Ca㸪Fe 
࠾ࡼࡧ S ࡢඖ⣲࣐ࢵࣆࣥࢢ࠾ࡼࡧ Fe㸪 S ྛඖ⣲࡟ࡘ࠸࡚⥺ศᯒ㸦⣙ 0.5 mm
㛫㝸࡛ 20 Ⅼ㸧ࢆ⾜ࡗࡓࠋ〇㗰ࢫࣛࢢࢆᾐₕࡋࡓἾ㸪࠾ࡼࡧẚ㍑ࡢࡓࡵ㸪Ἶ
࡜ΰྜࡋ࡚࠸࡞࠸ࢫࣛࢢ࡟ࡘ࠸࡚ࡶ Ca㸪Fe ࠾ࡼࡧ S ࡢඖ⣲࣐ࢵࣆࣥࢢࢆᐇ
᪋ࡋࡓࠋ  
 
2.3. 〇㗰ࢫࣛࢢ࡟ࡼࡿἾ୰ࡢ◲໬Ỉ⣲Ⓨ⏕ᢚไヨ㦂ࡢ⤖ᯝ  
2.3.1. pH ࡢ᥎⛣  
 ྛヨ㦂༊ࡢᗏ㉁㛫㝽Ỉ࠾ࡼࡧ┤ୖỈࡢỈ ࠾ࡼࡧ pH ࡢ⤒᫬ኚ໬ࢆ Fig. 
2-7 ࠾ࡼࡧ Fig. 2-8 ࡟♧ࡍࠋỈ ࡣヨ㦂ᮇ㛫୰㸪ὀධࢁ㐣ᾏỈࡢᏘ⠇ኚືࡢ
ᙳ㡪ࢆཷࡅ࡚ኚືࡋࡓࡀ㸪ྛ ヨ㦂༊㛫ࡢ ᗘᕪࡣ↓ࡃ㸪᮲௳ࡣᆒ୍࡛࠶ࡗࡓࠋ
ࢫࣛࢢୖ⨨ࡁ༊ࡢ pH ࡣ㸪ୖ ᒙᗏ㉁㛫㝽Ỉ࡛ࡣ 7.7㹼 8.3㸦ᖹᆒ್㸪௨ୗྠࡌ㸧㸪
ୗᒙ㛫㝽Ỉ࡛ࡣ 7.3㹼 8.0㸪┤ୖỈ࡛ࡣ㸪7.6㹼 8.2 ࡛᥎⛣ࡋࡓࠋࢫࣛࢢ࣭Ἶΰ
ྜ༊࡛ࡣ㸪ୖᒙᗏ㉁㛫㝽Ỉ࡛ࡣ㸪 7.5㹼 8.3㸪ୗᒙ㛫㝽Ỉ࡛ࡣ 7.7㹼 8.5㸪┤ୖ
Ỉ࡛ࡣ㸪 7.5㹼 8.1 ࡛᥎⛣ࡋࡓࠋኳ↛▼ୖ⨨ࡁ༊ࡢ pH ࡣ㸪ୖᒙᗏ㉁㛫㝽Ỉ࠾
ࡼࡧୗᒙᗏ㉁㛫㝽Ỉࡣ 6.8㹼 7.3 ࡛㸪┤ୖỈ࡛ࡣ pH ࡣ 7.0㹼 7.7 ࡛᥎⛣ࡋࡓࠋ
Ἶ༢య༊ࡢ pH ࡣୖᒙᗏ㉁㛫㝽Ỉ࠾ࡼࡧୗᒙᗏ㉁㛫㝽Ỉࡣ 6.8㹼 7.3 ࡛᥎⛣ࡋ㸪
┤ୖỈࡣ 7.0㹼 7.4 ࡛᥎⛣ࡋࡓࠋ  
 
2.3.2. ⁐Ꮡ◲໬≀  
 ྛヨ㦂༊ࡢ┤ୖỈ࠾ࡼࡧᗏ㉁㛫㝽Ỉࡢ⁐Ꮡ◲໬≀⃰ᗘࡢ⤒᫬ኚ໬ࢆ Fig. 
2-9 ࡟♧ࡍࠋࢫࣛࢢୖ⨨ࡁ༊࡛ࡣタ⨨┤ᚋࢆ㝖ࡁ㸪ୖᒙᗏ㉁㛫㝽Ỉࡣ᳨ฟ㝈




ࡓࡶࡢࡢ㸪ୖᒙ㛫㝽Ỉࡣ 6㹼 21 mg S/L ࠾ࡼࡧୗᒙ㛫㝽Ỉࡣ 5㹼 70 mg S/L ࡢ
⁐Ꮡ◲໬≀ࡀ᳨ฟࡉࢀࡓࠋἾ༢య༊࡛ࡣタ⨨┤ᚋࢆ㝖ࡁ㸪ୖᒙ㛫㝽Ỉࡣ 15










2.3.3. 㓟໬㑏ඖ㟁఩  
 㓟໬㑏ඖ㟁఩ࡢ⤒᫬ኚ໬ࢆ Fig. 2-10 ࡟♧ࡍࠋࢫࣛࢢୖ⨨ࡁ༊࡛ࡣタ⨨┤
ᚋࢆ㝖ࡁ㸪ୖ ᒙᗏ㉁㛫㝽Ỉࡣ -130㹼 -60 mV㸪ୗᒙᗏ㉁㛫㝽Ỉࡣ -180㹼 -110 mV㸪
┤ୖỈࡣ 100㹼 300 mV ࡛᥎⛣ࡋࡓࠋࢫࣛࢢ࣭Ἶΰྜ༊࡛ࡣ㸪ୖᒙᗏ㉁㛫㝽
Ỉࡣ -240㹼 -50 mV㸪ୗᒙᗏ㉁㛫㝽Ỉࡣ -210㹼 -70 mV ࠾ࡼࡧ┤ୖỈ࡟࠾࠸࡚
85㹼 300 mV ࡛᥎⛣ࡋࡓࠋኳ↛▼ୖ⨨ࡁ༊࡛ࡣ㸪タ⨨┤ᚋࢆ㝖ࡁ㸪ୖᒙᗏ㉁
㛫㝽Ỉࡣ -160㹼 -130 mV㸪ୗᒙᗏ㉁㛫㝽Ỉࡣ - 170㹼 -120 mV㸪┤ୖỈࡣ 100
㹼 300 mV ࡛᥎⛣ࡋࡓࠋἾ༢య༊࡛ࡣタ⨨┤ᚋࢆ㝖ࡁ㸪ୖ ᒙᗏ㉁㛫㝽Ỉࡣ -170








2.3.4. ◲໬Ỉ⣲࢞ࢫ  
 Ẽ┦ࡢ◲໬Ỉ⣲࢞ࢫ⃰ᗘࡢ᥎⛣ࢆ Fig.  2-11 ࡟♧ࡍࠋࢫࣛࢢୖ⨨ࡁ༊࠾ࡼ
ࡧࢫࣛࢢ࣭Ἶΰྜ༊࡛ࡣ㸪◲໬Ỉ⣲࢞ࢫࡣ୍㒊ࢆ㝖ࡁ᳨ฟ㝈⏺㸦 0.1 ppm㸧
ᮍ‶࡛࠶ࡗࡓࠋࡇࢀ࡟ᑐࡋ㸪ኳ↛▼ୖ⨨ࡁ༊ࡣ㸪 ᐃ᫬ᮇ࡟ࡼࡾࡤࡽࡘࡁࡣ
࠶ࡿࡀ㸪᳨ฟ㝈⏺ᮍ‶㹼 3.7 ppm ᳨▱ࡉࢀࡓࠋἾ༢య༊࡛ࡣ㸪᳨ฟ㝈⏺ᮍ‶





2.4. Ἶ࡟ᾐₕࡋࡓ〇㗰ࢫࣛࢢ⢏Ꮚࡢほᐹ⤖ᯝ  
 ᐇᾏᇦࡢἾ୰࡟ᾐₕࡋᚋ࡟ᅇ཰ࡋࡓ〇㗰ࢫࣛࢢࡢ⢏Ꮚ⾲㠃࠾ࡼࡧἾࡢ㉮ᰝ
ᆺ㟁Ꮚ㢧ᚤ㙾࡟ࡼࡿほᐹ⤖ᯝ࠾ࡼࡧ Ca㸪Fe㸪S ྛඖ⣲࣐ࢵࣆࣥࢢࡢ⤖ᯝࢆ
Fig. 2-12 ࠾ࡼࡧ Fig. 2-13 ࡟♧ࡍࠋࢫࣛࢢ⾲㠃࡟࠾࠸࡚ࡣ㸪Fe ࡜ S ࡢศᕸ
ࡣⰋࡃ୍⮴ࡋࡓࡀ㸪Ca ࡜ S ࡣ࡯࡜ࢇ࡝୍⮴ࡋ࡞࠿ࡗࡓࠋ୍᪉㸪Ἶࡣ Fe㸪S
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࠾ࡼࡧ Ca ࡣ࡯࡜ࢇ࡝ᆒ୍࡟ศᕸࡋ࡚࠾ࡾ㸪ࢫࣛࢢ⾲㠃ࡢࡼ࠺࡞ Fe ࡜ S ࡢ
ศᕸࡢ୍⮴ࡣぢࡽࢀ࡞࠿ࡗࡓࠋẚ㍑࡜ࡋ࡚Ἶ࡜᥋ゐࡉࡏ࡚࠸࡞࠸ᮍ཯ᛂࡢ〇
㗰ࢫࣛࢢ⢏Ꮚࡢほᐹ⤖ᯝࢆ Fig. 2-14 ࡟♧ࡍࠋFe ࠾ࡼࡧ Ca ࡜ S ࡢศᕸࡣ࡯
࡜ࢇ࡝୍⮴ࡋ࡚࠸࡞࠿ࡗࡓࠋ  
 Fig. 2-12 ࡢ SEM ⏬ീୖ࡟♧ࡋࡓ 3 ᮏࡢ⥺ୖ࡟࠾࠸࡚ Fe ࠾ࡼࡧ S ࡢ⥺
ศᯒ㸦 1 ᮏࡢ⥺ࡈ࡜࡟⣙ 0.5 mm 㛫㝸࡛ 20 Ⅼ㸧ࢆ⾜ࡗࡓ⤖ᯝࢆ㸪Fig. 2-15 ࡟
S ࡜ Fe ࡢ㛵ಀ࡜ࡋ࡚♧ࡍࠋS ࡣ Fe ⃰ᗘࡀ㧗࠸㒊఩࡟࠾࠸᳨࡚ฟࡉࢀ㸪Fe ࡜
S ࡢࣔࣝẚࡀ 1 ࡼࡾࡶ኱ࡁ࠸ഴྥࡀ☜ㄆࡉࢀࡓࠋ  
 
2.5. ⪃ᐹ  
2.5.1.  〇㗰ࢫࣛࢢࡀ㛫㝽Ỉ࠾ࡼࡧ┤ୖỈ pH ࡟୚࠼ࡿᙳ㡪  
 ࢫࣛࢢୖ⨨ࡁ༊࠾ࡼࡧࢫࣛࢢ࣭Ἶΰྜ༊࡜ࡶ㸪ୖᒙ㛫㝽Ỉ࠾ࡼࡧୗᒙ㛫㝽
Ỉࡢ pH ࡣ࠸ࡎࢀࡶἾ༢య༊࡜ẚ㍑ࡋ࡚㧗࠸್࡛᥎⛣ࡋࡓࡀ㸪᭱኱࡛ࡶ 8.5
࡛࠶ࡗࡓࠋ┤ୖỈ࡟ࡘ࠸࡚ࡶ᭱኱ 8.2 ࡜㏻ᖖࡢᾏỈ࡜ྠ⛬ᗘ࡛࠶ࡾ㸪Ỉ㓟໬
࣐ࢢࢿࢩ࣒࢘ࡢ⏕ᡂ࡟ࡼࡿ࠸ࢃࡺࡿⓑ⃮࣭ⓑỿ㸦⸨ཎࡽ  2001㸧ࡀ⏕ࡌࡿ್











ඖ⳦ࡢస⏝࡟ࡼࡾ㸪ᾏỈ୰ࡢ◲㓟࢖࢜ 㸦ࣥ SO4 2 -㸧ࢆ฼⏝ࡋ࡚◲໬Ỉ⣲ࡀ⏕ᡂ㸪
ղἾࡢᗏ㉁㛫㝽Ỉࡲࡓࡣ┤ୖỈ୰࡟⁐Ꮡ◲໬≀࡞࡝࡜ࡋ࡚⁐ゎ࣭⁐ฟࡍࡿ㸦㓇
஭  1998㸧ࡇ࡜࡟ࡼࡿ࡜⪃࠼ࡽࢀࡿࠋࡇࡢ◲㓟㑏ඖ⳦ࡢാࡁࡣ㑏ඖⓗ࡞᮲௳
࡛άⓎ໬ࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ㸦Schoonen and Barnes 1991㸧ࠋ  
㸦㸰㸧ࢫࣛࢢ⾲㠃࠾ࡼࡧἾ୰ࡢ◲㯤࡜㕲ࡢศᕸ  
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et al.  2013, Hayashi et al.  2014㸧ࡇ࡜࡜ྜ⮴ࡋࡓࠋ◲໬㕲ࡣ Fig. 2-17 ࡢ
⤖ᯝ࡛ Fe/S ࡢࣔࣝẚࡀ 1 ࡼࡾࡶ኱ࡁ࠿ࡗࡓࡇ࡜࠿ࡽ㸪FeS ࡀ୺య࡛㸪࠿ࡘ
Fe ࡀ S ࡟ᑐࡋ࡚㐣๫࡞≧ែ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ  
㸦㸱㸧㓟໬㑏ඖ㟁఩㸫 pH ᅗ࡟ࡼࡿᖹ⾮᫬ࡢ◲㯤Ꮡᅾᙧែࡢ᳨ウ  
 ◲໬≀࢖࢜ࣥ 20 ppm ࢆྵࡴேᕤᾏỈࡢ S ࡟㛵ࡍࡿ㓟໬㑏ඖ㟁఩㸫 pH ᅗ
㸦Hayashi et al.  2014㸧࡟Ἶ༢య༊ࡢୖᒙ㛫㝽Ỉࡢ pH ࡜㓟໬㑏ඖ㟁఩ࡢ⠊
ᅖࢆࡑࢀࡒࢀ㏣グࡋࡓᅗࢆ Fig. 2-16 ࡟♧ࡍࠋࡲࡓ㸪Fe 5 ppb ࡜⁐Ꮡ◲໬≀
࢖࢜ࣥ 20 ppm ࢆྵࡴேᕤᾏỈ୰ࡢ S ࡟ࡘ࠸࡚ࡢ㓟໬㑏ඖ㟁఩㸫 pH ᅗ
㸦Hayashi et al.  2014㸧࡟ࢫࣛࢢୖ⨨ࡁ༊ࡢୖᒙ㛫㝽Ỉࡢ pH ࡜㓟໬㑏ඖ㟁
఩ࡢ⠊ᅖࢆ㏣グࡋࡓᅗࢆ Fig. 2-17 ࡟♧ࡍࠋFig. 2-16 ࡼࡾ㸪㓟໬㑏ඖ㟁఩




⁐Ꮡ◲໬≀࡛࠶ࡿ H2S(aq.)࡜ HS㸫 (aq.))࡜ࡢቃ⏺࡟㏆࠸ࠋ୍᪉㸪Fig. 2-17 ࡼ






 ௨ୖࡼࡾ㸪ࢫࣛࢢୖ⨨ࡁ༊࡟ࡼࡾ㸦 1㸧ୖᒙ㛫㝽Ỉࡢ pH ࠾ࡼࡧ㓟໬㑏ඖ㟁
఩ࢆ㧗ࡵࡿࡇ࡜㸪࠾ࡼࡧ㸦 2㸧Fe ࡀ౪⤥ࡉࢀࡿࡇ࡜ࡢ 2 ࡘࡢせᅉ࡟ࡼࡾ㸪ᖹ
⾮᫬ࡢ S ࡢ୺せ࡞Ꮡᅾᙧែࡀኚ໬ࡍࡿࡇ࡜࡟ࡼࡾ㸪⁐Ꮡ◲໬≀ࡢ⏕ᡂࡀᢚไ
ࡉࢀࡿ࡜᥎ᐹࡉࢀࡿࠋ࡞࠾㸪Fig. 2-17 ࡟࠾࠸࡚ Fe ࡢᏑᅾୗ࡛㑏ඖ㞺ᅖẼ
ୗ࡟࠾࠸࡚ࡣࣃ࢖ࣛ࢖ࢺࡀ୺せ࡞⏕ᡂ≀࡛࠶ࡿࠋࡋ࠿ࡋ㸪ᗏ㉁୰ࡢ⁐Ꮡ◲໬
≀࡜㕲ࡢ཯ᛂ࡟࠾࠸࡚㸪୰㛫⏕ᡂ≀࡜ࡋ࡚◲໬㕲ࡀ⏕ᡂࡍࡿࡇ࡜ (㔠㇂ࡽ  
2009㸧㸪࠾ࡼࡧ Fig. 2-15 ࡟♧ࡋࡓࡼ࠺࡟ Fe ࡜ S ࡢᏑᅾẚࡀࣔࣝẚ࡛ Fe/S
Ӎ 1 ࡛࠶ࡗࡓࡇ࡜࠿ࡽ㸪୰㛫⏕ᡂ≀࡛࠶ࡿ FeS ࡀ୺య࡛࠶ࡗࡓ࡜᥎ᐹࡉࢀࡿࠋ 
㸦㸲㸧〇㗰ࢫࣛࢢ࡜Ἶ୰ࡢ⁐Ꮡ◲໬≀ࡢ཯ᛂ  
 ➹⪅ࡽࡢࢢ࣮ࣝࣉࡣ㸪཯ᛂ⏕ᡂ≀ࡢ↓཯ᑕ X ⥺ᅇᢡศᯒ࠾ࡼࡧᨺᑕගศᯒ
ࢆ⾜ࡗࡓ⤖ᯝ࠿ࡽ㸪ୗグࡢᘧ㸦Thamdrup et al.  1994, Nanba et al㸪 2001㸧
࡟ࡼࡾ㸪◲໬㕲࠾ࡼࡧ༢య◲㯤ࡀ⏕ᡂࡋࡓ࡜᥎ᐃࡋ࡚࠸ࡿ㸦Hayashi et al .  
2013㸧ࠋ  
HS- + Fe2 + Ѝ  FeS + H+  㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (2-1) 
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HS- + 2Fe3 + ЍS0 + 2Fe2+ + H+  㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (2-2) 
ࡉࡽ࡟㓟⣲ࡀᏑᅾࡍࡿ᮲௳࡟࠾࠸࡚ࡣ㸪ୗグࡢ཯ᛂ࡟ࡼࡾ◲㓟࢖࢜ࣥࡀ⏕ᡂ
ࡋࡓྍ⬟ᛶࡀ࠶ࡿࠋ  
HS- + 2O2 Ѝ  SO42 -  + H+  㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (2-3) 
FeS + 2O2 Ѝ  Fe2 + + SO4 2-   㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (2-4) 
 ᮏ◊✲࡟࠾࠸࡚ࡶ㸪ࢫࣛࢢୖ⨨ࡁ༊࠾ࡼࡧࢫࣛࢢ࣭Ἶΰྜ༊࡟࠾࠸࡚㸪ᗏ
㉁㛫㝽Ỉࡸ┤ୖỈࡢ◲໬≀ࡀపῶࡋࡓࡇ࡜㸪Ẽ┦ࡢ◲໬Ỉ⣲࢞ࢫࡢⓎ⏕ࢆᢚ
࠼ࡓࡇ࡜㸪࠾ࡼࡧ 2.5.2(2) ࠾ࡼࡧ (3)  ࠿ࡽ㸪◲໬ࢼࢺ࣒ࣜ࢘Ỉ⁐ᾮ࡜〇㗰ࢫ
ࣛࢢࡢ཯ᛂ⏕ᡂ≀㸦Hayashi et al .  2013࣭Hayashi et al .  2014㸧࡜ྠᵝ࡟◲
໬㕲ࡀ⏕ᡂࡋࡓྍ⬟ᛶࡀ࠶ࡿࠋ௒ᚋ㸪ヲ⣽࡞᳨ウ࡟ࡼࡾ㸪Ἶ୰ࡢ S ࡸ Fe ࡢ
Ꮡᅾᙧែࢆ᫂ࡽ࠿࡟ࡍࡿᚲせࡀ࠶ࡿࠋ  
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2㸧ᐇᾏᇦࡢἾ୰࡟ᾐₕࡋ㸪ᚋ࡟ᅇ཰ࡋࡓ〇㗰ࢫࣛࢢࡢ⢏Ꮚ⾲㠃࠾ࡼࡧἾࡢ
㉮ᰝᆺ㟁Ꮚ㢧ᚤ㙾࡟ࡼࡿほᐹ⤖ᯝ࠿ࡽ㸪〇㗰ࢫࣛࢢ⾲㠃࡟࠾࠸࡚ FeS ࡀ⏕ᡂ
ࡋ࡚࠸ࡿ࡜᥎ᐹࡉࢀࡓࠋࡲࡓ㓟໬㑏ඖ㟁఩㸫  pH ᅗ࡟ࡼࡿ᳨ウ࠿ࡽ㸪〇㗰ࢫ






























Fig. 2-1. Location of Fukuyama inner harbor  where sediments for the 
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Table 2-1. Properties of organically enriched sediments at Fukuyama 


















Fig. 2-3. Appearance of steelmaking slag  sieved to 5–10 mm in diameter 
for use in the present experiments . 
 
 














T-Sulfide Water content 
ratio(%)
16.0 26.7 30.1 5.5 7.9 4.5 3.5 1.1 0.1
T.Fe SiO2 CaO A䡈2O3 MnO MgO TiO2 SP2O5 Na2O K2O
- -











Fig.  2-4. Takehara Marine Science Station and the outside experimental 












Fig. 2-5. Experimental setting scheme.  “Slag Capping”: 3.0 L of slag is 
placed on top of 15 L of sediment, “Slag Mixing” :  3.0 L of slag is mixed 
with the 15 l  of  sediment, “Natural Stone Capping”: 3.0 L of natural 
stone is placed on top of 15 L of sediment, “Control” :  A treatment 
consisting of only 15.0 L of sediment. Seawater is introduced to all the 
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Fig. 2-7. Temporal changes of temperature in (a) the overlying water and 
(b) the upper layer and (c)  the lower layer of the interstitial  water. ە  :  
Slag Capping, ڦ :  Slag Mixing,  ڹ :  Natural Stone Capping, ۍ :  Control.  




























































ഒ) (c) Lower interstitial water

























Fig. 2-8. Temporal changes of pH in (a) the overlying water and (b) the 
upper layer and (c) the lower layer of the interstitial water. ە :  Slag 
Capping, ڦ :  Slag Mixing, ڹ :  Natural Stone Capping, ۍ :  Control.  
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Fig. 2-9. Temporal changes of dissolved sulfide in (a) the overlying water 
and (b) the upper layer and (c) the lower layer of the interstitial water. 
ە :  Slag Capping, ڦ :  Slag Mixing, ڹ :  Natural Stone Capping, ۍ :  
































































































































Fig. 2-10. Temporal changes of Eh in (a) the overlying water and (b) the 
upper layer and (c) the lower layer of the interstitial water. ە :  Slag 
Capping, ڦ :  Slag Mixing, ڹ :  Natural Stone Capping, ۍ :  Control.  









































(c) Lower interstitial water
















Fig. 2-11. Temporal changes of hydrogen sulfide gas concentrations in (a) 
high (0-250 ppm) range and (b) low range (0 -12 ppm) above the seawater. 
ە :  Slag Capping, ڦ :  Slag Mixing, ڹ :  Natural Stone Capping, ۍ :  













Fig. 2-12. (a) SEM image and EPMA elemental maps ((b):  Fe, (c):  S, and 
(d):  Ca) of the slag particle immersed in silty sediment. The slag particle 
was placed on the sediments at Fukuyama inner harbor in August 2011, 




(a) SEM Image (b) Fe

































































Fig. 2-13. (a)SEM image and EPMA elemental maps  ((b):  Fe, (c) :  S, and 














Fig. 2-14. (a)SEM image and EPMA elemental maps  ((b):  Fe, (c) :  S, and 
(d):  Ca) of the slag particle.  
 
(a) SEM Image (b) Fe








(c) S (d) Ca














Fig. 2-15. Relationship between S and Fe by surface line analysis of the 
slag immersed in silty sediment  (see the SEM image in Fig. 2 -12 
















Fig. 2-16. Eh-pH diagram of sulfur in artificial seawater (Hayashi et al. 
2014). The pH/Eh range of the upper interstitial waters  in Control 







































Fig. 2-17. Eh-pH diagram of sulfur with iron in seawater (Hayashi et al . 
2014). The pH/Eh range of the upper interstitial waters  in Slag Capping 
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➨ 3 ❶ 〇㗰ࢫࣛࢢ࡟ࡼࡿ㓟⣲ᾘ㈝పῶ  
 











3.2. ᐇ㦂᪉ἲ  
ୗグࡢ㸳ࢣ࣮ࢫ࡛ヨ㦂ࢆ⾜ࡗࡓࠋ  
1)  Ἶ༢య㸹ᗏ㉁ᨵၿࡋ࡞࠸≧ែࡢᾏᗏࢆᶍᨃࠋ  
2)  ኳ↛▼ୖ⨨ࡁ㸦ኳ↛▼ཌࡳ 5 cm㸧  
3)  ࢫࣛࢢୖ⨨ࡁ㸦ࢫࣛࢢཌࡳ 5 cm㸧㸹Ἶ࡟ࢫࣛࢢࢆୖ⨨ࡁࠋࢫࣛࢢそ◁࡟
ࡼࡿᗏ㉁ᨵၿࢆᶍᨃࠋ  
4)  ࢫࣛࢢୖ⨨ࡁ㸦ࢫࣛࢢཌࡳ 10 cm㸧  
5)  ࢫࣛࢢ༢య㸦ࢫࣛࢢཌࡳ 5 cm㸧  
Fig. 3-1 ࡟♧ࡍᐇ㦂⿦⨨ࢆ⤌ࡳ❧࡚ࡓࠋ࢔ࢡࣜࣝࣃ࢖ࣉࢆࢦ࣒ᰦ࡛୧➃ࢆ
㛢ࡌࡓᐜჾ㸦ෆᑍ 76 mm ᚄ250㹼 300 mm 㧗ࡉ㸧࡟⚟ᒣෆ ࡛᥇ྲྀࡋࡓἾ㸪





Ἶཌࡣ 50 mm ࡛ࡑࢀࡒࢀ୍ᐃ࡜ࡋࡓࠋ  
㏻Ỉ㔞ࡣ⣙ 430 ml /day㸦⁐Ꮡ㓟⣲౪⤥㔞ࡀ㐺ษ࡟࡞ࡿࡼ࠺ணഛヨ㦂ࢆ⾜
ࡗ࡚Ỵᐃ㸧࡜ࡋ㸪 ᗘࡣ 22Υ࡟ಖᣢࡋࡓୖࠋ ഃࡢࢦ࣒ᰦ࡟ ᐃ⏝ࡢᏍࢆタࡅ㸪
ูࡢࢦ࣒ᰦ࡛㛢ࡌࡓࠋ ᐃ᫬ࡢࡳ㸪ࡇࡢᏍ࡟⁐Ꮡ㓟⣲ィ㸦Multi9310, WTW㸧㸪
㓟໬㑏ඖ㟁఩ィ㸦KR5E, AS ONE㸧㸪 pH ィ㸦F-22, ᇼሙ〇సᡤ㸧ࡢྛࣉ࣮ࣟ
ࣈ㸪࠾ࡼࡧ⁐Ꮡ◲໬≀ ᐃ⏝໭ᕝᘧ᳨▱⟶㸦 200SA, 200SB㸪ග᫂⌮໬Ꮫ㸧
ࢆ㡰ḟᕪ㎸ࡳ㸪 ᐃࡋࡓࠋ  
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◲ ໬ ≀ ࡜ ࡋ ࡓ ࠋ ࡇ ࡇ ࡛ 㸪 ඲ Ⅳ ⣲ 㸪 POC ࠾ ࡼ ࡧ ඲ ❅ ⣲ ࡣ CHN ࢥ ࣮ ࢲ
㸦 JM1000HCN㸪J-SCIENCE㸧࡟࡚ ᐃࡋࡓࠋ඲ࣜࣥ㸪඲㕲㸪ᙉ⇕ῶ㔞㸪CODs e d
࠾ࡼࡧ඲◲໬≀ࡣᗏ㉁ㄪᰝἲ㸦⎔ቃ┬  2012㸧࡟ᚑ࠸㸪඲ࣜࣥࡣࣔࣜࣈࢹࣥ
㟷྾ගගᗘἲ㸦SWATT㸪 5ch ௙ᵝ㸪ࣅ࣮࢚ࣝࢸࢵࢡ㸧㸪඲㕲ࡣ ICP Ⓨගศග
ศᯒἲ㸦 730-ES㸪Varian㸧㸪ᙉ⇕ῶ㔞ࡣ 600Υ࡛ 2 ᫬㛫ᙉ⇕ࡍࡿ᪉ἲ㸪CODs e d
ࡣ㐣࣐ࣥ࢞ࣥ㓟࣒࢝ࣜ࢘࡟ࡼࡿ㓟⣲ᾘ㈝㔞ࢆồࡵࡿ᪉ἲ㸪࠾ࡼࡧ඲◲໬≀ࡣ
Ỉ⵨Ẽ⵨␃࡟ࡼࡾ◲໬Ỉ⣲ࢆศ㞳ࡋ࡚ࣚ࢘⣲⁲ᐃἲ࡟࡚ ᐃࡍࡿ᪉ἲ࡟࡚ 




3.3. ᐇ㦂⤖ᯝ  
 ྛヨ㦂ࢣ࣮ࢫࡢ┤ୖỈ୰ࡢ⁐Ꮡ㓟⣲⃰ᗘࡢ⤒᫬ኚ໬ࢆ Fig. 3-2 ࡟♧ࡍࠋヨ
㦂㛤ጞ⩣᪥௨㝆㸪Ἶ༢య༊࡛ࡣึᅇィ ᫬ࢆ㝖ࡁ㸪0 mg/L ࡛᥎⛣ࡋࡓࠋኳ↛
▼༊࡛ࡣ㸪0㹼 0.6 mg/L ࡛᥎⛣ࡋࡓࡀ㸪12᪥ᚋ࡟ 2.9 mg/L㸪22᪥ᚋ࡟ 3.8 mg/L
࡜㧗࠸್ࡀ᳨ฟࡉࢀࡓࠋࡇࢀࡽ࡟ᑐࡋ㸪ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊࡛ࡣ ᐃᮇ㛫
㸦 16 ᪥㛫㸧࡟࠾࠸࡚ 0.7㹼 1.2 mg/L ࡛᥎⛣ࡋࡓࠋࢫࣛࢢ 10 cm ୖ⨨ࡁ༊࡛ࡣ㸪
ึᮇࡣ 5.0 mg/L ࡜㧗࠿ࡗࡓࡀ㸪22 ᪥ᚋ࡟࠸ࡗࡓࢇ 1 mg/L ࡲ࡛పୗࡋࡓࡀ㸪
ࡑࡢᚋ 2㹼 3 mg/L ࡲ࡛ቑຍࡋࡓࠋࢫࣛࢢ༢య༊࡛ࡣึᮇࡣ 1.8 mg /L ࡛࠶ࡗ
ࡓࡀ 20 ᪥ᚋࡲ࡛࡟࠿ࡅ࡚ 6㹼 7 mg/L ࡲ࡛ቑຍࡋࡓࠋ  
 Fig. 3-3 ࡟ྛヨ㦂ࢣ࣮ࢫࡢ┤ୖỈ୰ࡢ㓟໬㑏ඖ㟁఩ࡢ⤒᫬ኚ໬ࢆ♧ࡍࠋἾ
༢య༊࡛ࡣ㸪ึᅇࡢ ᐃ㸦 2 ᪥ᚋ㸧ࢆ㝖ࡁ㸪 -190㹼 -150 mV ࡜ప఩࡟᥎⛣ࡋ
ࡓࠋኳ↛▼ୖ⨨ࡁ༊࡛ࡣ㸪ึᅇࡢ ᐃ㸦 2 ᪥ᚋ㸧ࢆ㝖ࡁ㸪 -75 mV㹼 20 mV ࡛
᥎⛣ࡋࡓࠋࡇࢀࡽ࡟ᑐࡋ㸪ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊ࡣ 150㹼 220 mV ࡜㧗఩࡟᥎
⛣ࡋࡓࠋࢫࣛࢢ 10 cm ୖ⨨ࡁ༊࡛ࡣ⁐Ꮡ㓟⣲ࡀపୗࡋࡓ 22 ᪥ᚋ㸦 -10 mV㸧
ࢆ㝖ࡁ㸪250㹼 310 㹫V ࡜㧗఩࡛᥎⛣ࡋࡓࠋࢫࣛࢢ༢య༊ࡶ 190㹼 230 mV ࡜
㧗఩࡟᥎⛣ࡋࡓࠋ  
 Fig. 3-4 ࡟ྛヨ㦂ࢣ࣮ࢫࡢ┤ୖỈ୰ࡢ⁐Ꮡ◲໬≀ࡢ⤒᫬ኚ໬ࢆ♧ࡍࠋἾ༢
య༊࡛ࡣึᅇࢆ㝖ࡁ 0.5㹼 1 mg S/L ࡀ⥅⥆ࡋ᳨࡚ฟࡉࢀࡓࠋኳ↛▼༊࡛ࡣ㸪
18 ᪥ᚋࡢ ᐃ࡟࠾࠸࡚ 3.5 mg S/L ࡢ⁐Ꮡ◲໬≀ࡀ᳨ฟࡉࢀ㸪ࡑࢀ௨እ࡛ࡣ
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᳨ฟ㝈⏺㸦 0.5 mg S/L㸧ᮍ‶࡛࠶ࡗࡓࠋ୍᪉㸪ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊㸪ࢫࣛ
ࢢ 10 cm ୖ⨨ࡁ༊࠾ࡼࡧࢫࣛࢢ༢య༊࡛ࡣ඲᳨࡚ฟ㝈⏺㸦 0.5 mg S/L㸧ᮍ‶
࡛࠶ࡗࡓࠋ  
Fig. 3-5 ࡟ྛヨ㦂ࢣ࣮ࢫࡢ┤ୖỈ୰ࡢ pH ࡢ⤒᫬ኚ໬ࢆ♧ࡍࠋἾ༢య༊࡛
ࡣ 7.6㹼 8.3 ࡛᥎⛣ࡋࡓࠋኳ↛▼ୖ⨨ࡁ༊࡛ࡣ 7.9㹼 8.2 ࡛᥎⛣ࡋࡓࠋ୍᪉㸪
ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊࡛ࡣ 8.3㹼 8.6㸪ࢫࣛࢢ 10 cm ୖ⨨ࡁ༊࠾ࡼࡧࢫࣛࢢ༢
య࡛ࡣ 8.0㹼 8.5 ࡜౪⤥ᾏỈ࡟㏆࠸ pH ࡛᥎⛣ࡋࡓࠋ  
 ヨ㦂࡟⏝࠸ࡓඖࡢᗏ㉁㸦ཎἾ㸧࠾ࡼࡧᐇ㦂⤊஢ᚋ࡟ᅇ཰ࡋࡓࢣ࣮ࢫ㸯㸦Ἶ
༢య༊㸧࠾ࡼࡧࢣ࣮ࢫ㸱㸦ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊㸧ࡢᗏ㉁ࡢศᯒ⤖ᯝࢆ Table 
3-1 ࡟♧ࡍࠋࡇࡢ࠺ࡕ㸪POC ࠾ࡼࡧ඲❅⣲࡟ࡘ࠸࡚╔┠ࡍࡿ࡜㸪Ἶ༢య༊࡟
࠾࠸࡚ࡑࢀࡒࢀ 110㸪6.34 mg/g ࡛࠶ࡗࡓࡢ࡟ᑐࡋ㸪ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊࡛
ࡣࡑࢀࡒࢀ 39㸪3.26 mg/g ࡜ᑠࡉ࠸್࡛࠶ࡗࡓ୍ࠋ ᪉㸪඲ࣜࣥ࠾ࡼࡧ඲㕲ࡣ㸪
Ἶ༢య༊࡟࠾࠸࡚ࡑࢀࡒࢀ 2.82 mg/g㸪 36000 mg/kg ࡛࠶ࡗࡓࡢ࡟ᑐࡋ㸪ࢫ
ࣛࢢ 5 cm ୖ⨨ࡁ༊࡛ࡣࡑࢀࡒࢀ 6.00 mg/g㸪85000 mg/kg ࡜኱ࡁ࡞್࡛࠶ࡗ
ࡓࠋἾ࡜ࢫࣛࢢࢆศ㞳ࡋࡁࢀࡎ࡟ΰධࡋࡓࢫࣛࢢ⢏ࡢᙳ㡪ࢆཷࡅࡓྍ⬟ᛶࡀ
࠶ࡿࠋ௬࡟Ἶ༢య༊࡜ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊ࡢ඲ࣜࣥࡢศᯒ್ࡢᕪࢆ඲࡚ࢫ
ࣛࢢ⢏ࡢΰධศ࡜ࡍࡿ࡜㸪ࢫࣛࢢࡢΰධࡣ⣙ 25%࡜ぢ✚ࡶࡽࢀࡓࠋࢫࣛࢢࡢ
ΰධ⋡ࢆ 25%࡜ࡍࡿ࡜ྠ༊ࡢࢫࣛࢢ⢏ࢆ᤼㝖ࡋࡓᗏ㉁ࡢ POC㸪඲❅⣲࠾ࡼࡧ
඲㕲ࡣ㸪ࡑࢀࡒࢀ 52㸪 4.3 mg/g ࠾ࡼࡧ 55,000 mg/kg ࡜⟬ฟࡉࢀࡓࠋ  
 
3.4. ⪃ᐹ  
3.4.1.  㓟⣲ᾘ㈝せᅉࡢ᳨ウ  
 Ἶ༢య༊࡟࠾ࡅࡿ⁐Ꮡ㓟⣲ࡢᾘ㈝ࡣ㸪1) Ἶ୰ࡢ᭷ᶵ≀ࡢ㓟໬ศゎ཯ᛂ㸪2) 
Ἶ࡟㉳ᅉࡍࡿ⁐Ꮡ◲໬≀ࡢ㓟໬཯ᛂࡢ㸰ࡘࡀ⪃࠼ࡽࢀ㸪ࡑࢀࡒࢀ (3-1)ᘧ࠾ࡼ
ࡧ (3-2)ᘧ࡛♧ࡉࢀࡿ㸦Fig. 3-6㸧ࠋࡓࡔࡋ (3-1)ᘧࡣ᭷ᶵ≀୰ࡢⅣ⣲ࡢࡳ࡟╔┠
ࡋࡓ⡆␎ᘧ࡛࠶ࡿࠋ  
 
᭷ᶵ≀  + O2 Ѝ  n CO2 + m H2O㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (3-1) 
2 H2S + O2 Ѝ  2 H2O + 2 S0㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (3-2) 
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Fe Ѝ  Fe2 + + 2e-㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (3-3) 
Fe2+ + 2OH- Ѝ  Fe(OH)2㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃(3-4) 
 4Fe(OH)2 + O2 Ѝ  4FeO(OH) + 2H2O 㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (3-5) 
 
3.4.2.  ྛヨ㦂ࢣ࣮ࢫ㛫ࡢ⁐Ꮡ㓟⣲ᾘ㈝ᣲື࠾ࡼࡧỈ㉁ኚ໬ࡢẚ㍑  
㸦㸯㸧ࢫࣛࢢୖ⨨ࡁࡢ᭷↓࡟ࡼࡿᕪ␗  
๓⠇࡛♧ࡋࡓࡼ࠺࡟㸪ࢫࣛࢢୖ⨨ࡁࢆ⾜ࢃ࡞࠸㸦Ἶ༢య༊㸧࡛ࡣ㸪⁐Ꮡ㓟
⣲⃰ᗘࡀ 0 mg/L ࡛࠶ࡗࡓࡇ࡜࠿ࡽ㸪౪⤥ࡉࢀࡿ⁐Ꮡ㓟⣲ࢆ඲࡚ᾘ㈝ࡋᑾࡃ
ࡋࡓ࡜⪃࠼ࡽࢀࡿࠋ୍᪉㸪ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊࡛ࡣ㸪⁐Ꮡ㓟⣲⃰ᗘࡀ 0.7
㹼 1.2 mg/L ࡟ಖࡓࢀ㸪⁐Ꮡ㓟⣲ࡣᾘ㈝ࡉࢀࡿࡀἾ༢య༊ࡢࡼ࠺࡟඲࡚ᾘ㈝ࡍ
ࡿࡇ࡜ࡀ࡞࠿ࡗࡓࠋࡇࡢࡇ࡜࠿ࡽ㸪ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊࡟࠾࠸࡚㓟⣲ࡢᾘ
㈝㏿ᗘࡢపῶࡀㄆࡵࡽࢀࡓࠋࡇࡢ⌮⏤࡜ࡋ࡚ࡣ㸪ඛ࡟㏙࡭ࡓࡼ࠺࡟㸪◲໬≀
࢖࢜ࣥ㸦HS-㸧ࡣ 2 ౯㕲࢖࢜ࣥ࡜ࡢ཯ᛂ㸦 (3-6)ᘧ㸧࠾ࡼࡧ 3 ౯㕲࢖࢜ࣥ࡜ࡢ
཯ᛂ㸦㸦 3-7)ᘧ㸧࡟ࡼࡗ࡚◲໬㕲㸦FeS㸧ࡸ༢య◲㯤㸦 S0㸧࡜࡞ࡿ㸦 Canfield 1989, 
Howarth and Stewart  1992㸧ࡇ࡜࡟ࡼࡾ㸪┦ᑐⓗ࡟⁐Ꮡ◲໬≀࡟ࡼࡿ㓟⣲ᾘ
㈝཯ᛂࡀᢚ࠼ࡽࢀࡓࡓࡵ࡜⪃࠼ࡽࢀࡿࠋ  
 
HS㸫  㸩  Fe2㸩  Ѝ  FeS 㸩  H㸩  㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (3-6) 
HS㸫  㸩  2Fe3㸩  Ѝ  S0 㸩  2Fe2㸩  㸩  H㸩 㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (3-7)  
 
㸦㸰㸧ࢫࣛࢢཌࡳ࡟ࡼࡿ⁐Ꮡ㓟⣲⃰ᗘࡢᕪ␗ࡢ᳨ウ  
 ࢫࣛࢢ 10 cm ୖ⨨ࡁ༊࡛ࡣ㸪ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊࡜ẚ㍑ࡋ࡚⁐Ꮡ㓟⣲⃰
ᗘࡢኚືࡀ኱ࡁ࠿ࡗࡓࠋࡇࡢኚືࡢཎᅉ࡜ࡋ࡚ୗグࡀ⪃࠼ࡽࢀࡿࠋ๓༙㸦 5
㹼 15 ᪥㸧࡛ࡣἾ࠿ࡽ⁐ฟࡍࡿ◲໬≀࡜ࢫࣛࢢࡢ㕲࢖࢜ࣥ࡜ࡢ཯ᛂ㸦 (3-6)ᘧ
࠾ࡼࡧ㸦 3-7)ᘧ㸧ࡀ୺య࡛࠶ࡗࡓࡢ࡟ᑐࡋ㸪୰┙㸦 15㹼 22 ᪥㸧࡛ࡣࢫࣛࢢ࡟
ྵࡲࢀࡿ࣓ࢱࣜࢵࢡ㕲࡜⁐Ꮡ㓟⣲࡜ࡢ཯ᛂ㸦 (3-3)ᘧ -(3-5)ᘧ㸧ࡀ୺య࡞ࡗࡓࠋ
ᚋ༙㸦 22㹼 36 ᪥㸧࡛ࡣ࣓ࢱࣜࢵࢡ㕲ࡀῶᑡࡋ㸪ࡇࢀࡽࡢ཯ᛂࡢ㐍⾜ࡀ㐜ࡃ࡞





ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊࡜ኳ↛▼ୖ⨨ࡁ༊ࢆẚ㍑ࡍࡿ࡜㸪⁐Ꮡ㓟⣲⃰ᗘ࡟ࡘ࠸
࡚ࡣ㸪๓⪅࡛ࡣ 0.7㹼 1.2 mg/L ࡛᥎⛣ࡋࡓࡢ࡟ᑐࡋ㸪ᚋ⪅࡛ࡣ  0㹼 0.6 mg/L
࡜ࡸࡸప࠸್࡛᥎⛣ࡋࡓࡶࡢࡢ୍᫬ⓗ࡟㧗࠸್ࡶ᳨ฟࡉࢀࡓࡇ࡜࠿ࡽ㸪᫂☜
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࡞ࢫࣛࢢୖ⨨ࡁ༊ࡢඃ఩ᛶࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ୍᪉࡛㸪㓟໬㑏ඖ㟁఩࡟ࡘ















3.4.3. 㓟⣲ᾘ㈝㔞ࡢ᳨ウ  
 ࢣ࣮ࢫ㸯㸦Ἶ༢య༊㸧㸪ࢣ࣮ࢫ 3㸦ࢫࣛࢢ 5 cm ୖ⨨ࡁ༊㸧㸪࠾ࡼࡧࢣ࣮ࢫ 5
㸦ࢫࣛࢢ༢య༊㸧࡟ࡘ࠸࡚㸪ᐇ㦂㛤ጞᚋ t ᪥ᚋࡢ⁐Ꮡ㓟⣲ᾘ㈝㔞࡟㛵ࡋ࡚㸪
௨ୗࡢ≀㉁཰ᨭ (3-8)ᘧࡼࡾ⟬ฟࡋࡓࠋ  
 
 
㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (3-8)  
 
ࡇࡇ࡛㸪  
t:  Time (day)  
DOs w: DO concentration in flow seawater (mg/L )  
DOt: DO concentration in seawater in the pipe (mg/L)  
V0 : Overlying sea water volume in the pipe (L)  
v:  Flow rate of seawater (= 0 .45 L/day)  






= DOt࣭V0+ ѷ(DOt࣭v㺃Ǽt )+ Consumptiont






⁐Ꮡ㓟⣲⃰ᗘ࠾ࡼࡧ⁐Ꮡ◲໬≀⃰ᗘ࠿ࡽィ⟬ࡋࡓ⤖ᯝࢆ Fig. 3-7 ࡟㸪1 ᫬











3.4.4.  ⁐Ꮡ㓟⣲ᾘ㈝せᅉࡢෆヂࡢ᳨ウ  
 ๓⠇࡛ồࡵࡓ⁐Ꮡ㓟⣲ᾘ㈝㏿ᗘ㸦Fig. 3-8㸧࡟㛵ࡋ㸪᥎ᐹࡉࢀࡿ⁐Ꮡ㓟⣲
ᾘ㈝せᅉࡢෆヂ࡟ࡘ࠸࡚ Fig. 3-9 ࡟♧ࡍࠋDO ᾘ㈝㏿ᗘࡣ㸪Ἶ༢య༊㸪ࢫࣛ
ࢢ㸳  cm ୖ⨨ࡁ༊㸪࠾ࡼࡧࢫࣛࢢ༢య༊࡟ࡘ࠸࡚㸪ࡑࢀࡒࢀࡢヨ㦂㛤ጞ࠿ࡽ
13 ᪥ᚋ࡜ 17 ᪥ᚋ㸪 11 ᪥ᚋ࡜ 15 ᪥ᚋ㸪࠾ࡼࡧ 14 ᪥ᚋ࡜ 17 ᪥ᚋࡢᖹᆒ್ࢆ
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3.4.5. ࢫࣛࢢୖ⨨ࡁ࡟ࡼࡿ᭷ᶵ≀ศゎࡢಁ㐍  








(CH2O)x(NH3)y(H3PO4) + xO2 + yH+ 
  Ѝ  xCO2 + yNH4+HPO4 2 - + 2H+ +xH2O  㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃㺃 (3-9) 
 
 ᭷ᶵ≀ศゎࡀ㐍⾜ࡋࡓ⌮⏤࡜ࡋ࡚ࡣ㸪ࢫࣛࢢୖ⨨ࡁ༊࡛ࡣ㸪ᗏ㉁ࡀዲẼⓗ




᭷ᶵ≀ศゎࡣ (4-9)ᘧ࡛♧ࡉࢀࡓ㓟⣲࡟ࡼࡿ᭷ᶵ≀ศゎࡔࡅ࡛࡞ࡃ㸪  Table 
3-2㸦Wijsman et al . 2002, బᒣࡽ  1988㸧࡟♧ࡋࡓ⬺❅཯ᛂ㸪࣐ࣥ࢞ࣥ࡟ࡼ
ࡿ␗໬ⓗ㑏ඖ㸪࠾ࡼࡧ㕲࡟ࡼࡿ␗໬ⓗ㑏ඖࡶ㐍⾜ࡋࡓྍ⬟ᛶࡀ࠶ࡿࠋ  












2㸧ࢫࣛࢢୖ⨨ࡁ࡟ࡼࡿỈ୰ࡢ⁐Ꮡ㓟⣲ᾘ㈝㏿ᗘࡢపῶ㔞ࡣ㸪 100㹼 150 
mg/m2/day㸦౪⤥ࡉࢀࡓ㓟⣲ࡢ 12㹼 18%࡟┦ᙜ㸧࡜ぢ✚ࡶࡽࢀࡓࠋ  





































Fig. 3-1. Experimental setting scheme.  Transparent acrylic  pipes with 
74 mm in diameter and 250 mm or 300 mm in length were used. Sediment 
collected from Fukuyama Inner Harbor was p ut on the bottom of  the pipe 
with 50 mm in the height, and add steelmaking slag or natural stones 
were placed on the sediments . Seawater was introduced to all  the pipes at 
flow rate of 430 ml/day using a peristaltic pump. Temperature was set at 
































































Control 5 cm Natural Stones Capping









































Over flowOver flow Over flow














Fig. 3-2. Temporal changes of dissolved oxygen.  See Fig. 3-1 regarding the 


















Fig. 3-3. Temporal  changes of ORP.  See Fig. 3-1 regarding the 



























































Fig. 3-4. Temporal changes of dissolved sulfide.  See Fig. 3-1 regarding the 
















Fig. 3-5. Temporal changes of pH. See Fig. 3-1 regarding the experimental 
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Fig. 3-6. Supposed chemical reactions occur before and after an 
























1) Organic substance + O2
ḵ nCO2 + mH2O
2) 2H2S + O2ḵ 2H2O + 2S
3) Fe ḵ Fe2+ + 2e-
Fe2+ + 2OH-ḵ Fe(OH)22
4Fe(OH)2 + O2ḵ 4FeO(OH) +2H2O
1) Organic substance + O2
ḵ nCO2 + mH2O
2) 2H2S + O2ḵ 2H2O + 2S
Slag capping
Anaerobic Aerobic
















Fig. 3-7. Amount of dissolved oxygen consumption calculated with 















































































5 cm Slag Capping
Input DO
Slag without sediment














Fig. 3-9. Estimated DO consumption rates caused by various processes, 
supposed under the experiment conditions carried out in the present 
study. DO consumption in Control  is  composed of the processes 1) and 2). 
For 5 cm capping and slag without sediment, the processes 1) and 3) and 
the process 3) are considered to occur.  See Fig, 3-6 for the processes 1) ,  
































1) and 2) 1) and 3) 
3) 
1)
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Table 3-2. Decomposition processes of organic matter.  


































䊻 1/2xCO2 +1/2xCH4 + yNH4+ + HPO42+ +2H+
(CH2O)x(NH3)y(H3PO4) + xO2+yH+
䊻 xCO2 +yNH4+ + HPO42+ +2H+ +xH2O
(CH2O)x(NH3)y(H3PO4) + 4/5xNO3+ +(4/5x+y)H+
䊻 xCO2 +yNH4+ + HPO42+ +2/5xN2 + 7/5xH2O
(CH2O)x(NH3)y(H3PO4) + 2xMnO2 +(4x+y)H+
䊻 xCO2 +2xMn2+ + yNH4+ + HPO42+ +2H+ + 3xH2O
(CH2O)x(NH3)y(H3PO4) + 4xFe(OH)3 +(8x+y)H+
䊻 xCO2 +4xFe2+ + yNH4+ + HPO42+ +2H+ + 11xH2O
(CH2O)x(NH3)y(H3PO4) + 1/2xSO42- +(1/2x+y)H+
䊻 xCO2 +1/2xH2S + yNH4+ + HPO42+ +2H+ + xH2O
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➨ 4 ❶ ᐇつᶍヨ㦂࡛ࡢ〇㗰ࢫࣛࢢ࡟ࡼࡿ᭷ᶵ㉁ᗏἾ୰ࡢ◲໬≀ᢚไ  
 











4.2. ヨ㦂᪉ἲ  
4.2.1 ヨ㦂ᾏᇦࡢᴫせ  










4.2.2. ࢫࣛࢢヨ㦂༊ࡢ᪋ᕤ  
 2011 ᖺ 8 ᭶࡟ Fig. 4-1 ࡟♧ࡍヨ㦂༊ A㸦㠃✚ 432 m2㸧࡟࠾࠸࡚ 1 ᅇ┠ࡢ
〇㗰ࢫࣛࢢ᪋ᕤࢆᐇ᪋ࡋࡓࠋ౑⏝ࡋࡓ〇㗰ࢫࣛࢢ㸦 JFE ࢫࢳ࣮ࣝᰴᘧ఍♫す
᪥ᮏ〇㕲ᡤ⏘㸧ࡢ໬Ꮫᡂศࢆ Table 4-1 ࡟㸪౑⏝ࡋࡓ⢏ᗘࢆ Table 4-2 ࡟♧
ࡍࠋヨ㦂༊ A ࡛⏝࠸ࡓࢫࣛࢢ 1 ࡣ㸪➨ 2 ❶ࡢᐇ㦂ᐊつᶍヨ㦂࡜ྠࡌ࡛࠶ࡿࠋ
ࢫࣛࢢࡢ᪋ᕤ㔞㸦య✚㸧ࡣ 300 m3 ࡜ࡋࡓࠋ᪋ᕤᡭ㡰ࢆ Fig. 4-2 ࡟♧ࡍࠋࢡ
࣮ࣞࣥྎ⯪࡟ࢫࣛࢢࢆ✚㍕ࡋ㸪᪋ᕤ࢚ࣜ࢔࡟⛣㏦ࡋ㸪ࢡ࣮ࣞࣥ࡟⿦╔ࡋࡓࢢ
ࣛࣈ࡟࡚᪋ᕤࡋࡓࠋࡲࡎ㸪ୗᒙᮦ࡜ࡋ࡚ 5-10 mm ࡟⢏ᗘㄪᩚࡋࡓࢫࣛࢢࢆ
35 cm ཌࡳ࡛᪋ᕤࡋࡓࡢࡕ㸪ୖᒙᮦ࡜ࡋ࡚ 10-25 mm ࡟⢏ᗘㄪᩚࡋࡓࢫࣛࢢ
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 ḟ࠸࡛ 2012 ᖺ 7 ᭶࡟㸪Fig. 4-1 ࡟♧ࡍヨ㦂༊ B ࠾ࡼࡧヨ㦂༊ C㸦㠃✚ྜ
ィ 3,510 m2㸧࡟࠾࠸࡚㸪2 ᅇ┠ࡢ〇㗰ࢫࣛࢢ᪋ᕤࢆ 1 ᅇ┠࡜ྠᵝࡢᡭ㡰࡛ᐇ
᪋ࡋࡓࠋ౑⏝ࡋࡓ〇㗰ࢫࣛࢢࡢ໬Ꮫᡂศࡣ Table 4-1 ࡟㸪⢏ᗘࡣ Table 4-2 ࡟
♧ࡋࡓ࡜࠾ࡾ࡛࠶ࡿࠋヨ㦂༊ B ࡣୗᒙᮦ࠾ࡼࡧୖᒙᮦ࡜ࡶヨ㦂༊ A ࡜ྠ୍࡜
ࡋࡓࠋヨ㦂༊ C ࡛ࡣୗᒙᮦ࡟ Slag 1 ࢆ㸪ୖᒙᮦ࡟ 30-50 mm ࡟⢏ᗘㄪᩚࡋ
ࡓ Slag 2㸦す᪥ᮏ〇㕲ᡤ⏘㸧ࢆ⏝࠸ࡓࠋSlag 2 ࡣ㸪➹⪅ࡽ࡟ࡼࡾ Slag 2 ࡣ
ูᾏᇦ࡟࠾࠸࡚ὸሙ㐀ᡂ㈨ᮦ࡜ࡋ࡚ࡢᐇドヨ㦂ࢆᐇ᪋ࡋ㸪ᾏ⸴ࡸᗏ⏕⏕≀ࡢ
╔⏕ᇶ┙࡜ࡋ࡚㛗ᮇⓗ࡟ᶵ⬟ࡍࡿࡇ࡜ࡀ♧ࡉࢀ࡚࠸ࡿ (ᐑ⏣ࡽ  2012㸧ࠋᮏᾏ
ᇦ࡟࠾࠸࡚ࡶᗏ⏕⏕≀ࡀ╔⏕ࡍࡿྍ⬟ᛶࡀ࠶ࡿ࡜⪃࠼㸪ୖᒙᮦ࡟㑅ᐃࡋࡓࠋ
࠸ࡎࢀࡢ࢚ࣜ࢔࡜ࡶୖᒙᮦ࠾ࡼࡧୗᒙᮦࡢཌࡳࡣ 35 cm ࡎࡘ㸦ィ 70 cm㸧࡜
ࡋࡓࠋ  
 ࢫࣛࢢ᪋ᕤ᫬ࡢ࿘ᅖࡢ࢔ࣝ࢝ࣜᣑᩓࡢᙳ㡪ࢆㄪ࡭ࡿࡓࡵ㸪Fig. 4-2 ࡟♧ࡍ
఩⨨࡟࣐ࣝࢳỈ㉁ィ㸦U-20㸪ᇼሙ〇సᡤ㸧ࢆタ⨨ࡋ㸪ࢫࣛࢢᢞධ᫬ࡢᾏỈ





4.2.3 ᪋ᕤᚋࡢ ᐃ఩⨨  
 ➨ 1 ᅇ᪋ᕤᚋ࠾ࡼࡧ➨ 2 ᅇ᪋ᕤᚋࡣ㸪Ⓨ⏕ࡍࡿ࢞ࢫ㸪Ỉ㉁࠾ࡼࡧᗏ⏕⏕≀
࡞࡝࡟ࡘ࠸࡚ㄪᰝࡋࡓࠋࡑࡢ ᐃ఩⨨ࢆ᩿㠃ᅗ࡜ࡋ࡚ Fig. 4-4 ࡟♧ࡍࠋ➨ 1
ᅇヨ㦂ᚋ࡟࠾࠸࡚ࡣ㸪Fig. 4-4(a) ࡟♧ࡍࡼ࠺࡟㸪ࢫࣛࢢࢆ᪋ᕤࡋࡓヨ㦂༊ A
ࡢ୰ᚰ㒊ࢆཎⅬ㸦 0 m㸧࡜ࡋ㸪ࡑࡢ‴ዟഃ࠾ࡼࡧ‴ཱྀഃ 5 m ࡢ఩⨨ࢆヨ㦂༊
ࡢ ᐃⅬ࡜ࡋ㸪ཎⅬ࠿ࡽ‴ዟഃ࠾ࡼࡧ‴ཱྀഃ࡟ 25 m㸪50 m ࠾ࡼࡧ 100 m ࡢ
ࢫࣛࢢࢆ᪋ᕤࡋ࡚࠸࡞࠸఩⨨ࢆᑐ↷༊࡜ࡋ࡚タᐃࡋࡓࠋࡲࡓ㸪➨ 2 ᅇヨ㦂௨
㝆࡟࠾࠸࡚ࡣ Fig. 4-4(b) ࡟♧ࡍࡼ࠺࡟㸪ヨ㦂༊ A㸦 0 m㸧㸪ヨ㦂༊ B㸦‴ཱྀ
ഃ 65 m㸧࠾ࡼࡧヨ㦂༊ C㸦‴ཱྀഃ 134 m㸧ࢆࢫࣛࢢヨ㦂༊ࡢ ᐃⅬ࡜ࡋ㸪ཎ
Ⅼ࠿ࡽ‴ዟഃ 100 m ࠾ࡼࡧ‴ཱྀഃ 244 m ࡢ఩⨨࡟ᑐ↷༊ࢆタᐃࡋࡓࠋ  
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4.2.4.  ᐃ㡯┠࠾ࡼࡧ ᐃ᪉ἲ  
㸦㸯㸧ᗏ㉁㛫㝽Ỉ  
 㛫㝽Ỉࡢ᥇ྲྀࡣ㸪➨ 1 ᅇ┠ヨ㦂࡛ࡣ㸪 2 㐌ᚋ㸦 2011 ᖺ 8 ᭶㸧㸪 8 㐌ᚋ㸦 10   
᭶㸧㸪 20 㐌ᚋ㸦 12 ᭶㸧࠾ࡼࡧ 42 㐌ᚋ㸦 2012 ᖺ 5 ᭶㸧࡟㸪➨ 2 ᅇヨ㦂ᚋ࡛
ࡣ㸪2 㐌ᚋ㸦 2012 ᖺ 7 ᭶㸧㸪12 㐌ᚋ㸦 10 ᭶㸧㸪19 㐌ᚋ㸦 11 ᭶㸧㸪21 㐌ᚋ㸦 12 
᭶㸧㸪 30 㐌ᚋ㸦 2013 ᖺ 2 ᭶㸧㸪 37 㐌ᚋ㸦 3 ᭶㸧㸪 41 㐌ᚋ㸦 4 ᭶㸧㸪࠾ࡼࡧ 46
㐌ᚋ㸦 6 ᭶㸧࡟ᐇ᪋ࡋࡓࠋヨ㦂༊ࡢ㛫㝽Ỉࡢ᥇ྲྀࡣ㸪ࢲ࢖ࣂ࣮࡟ࡼࡾ㸪ࢩࣜ
ࣥࢪࢆ⏝࠸࡚㸪ணࡵ᪋ᕤ᫬࡟ࢫࣛࢢ⾲㠃࠿ࡽ 5㹼 10 cm ࡢ῝ࡉࡢ఩⨨࡟ᇙタ
ࡋ࡚࠶ࡗࡓ 10 cm 㛗ࡢࢭ࣑ࣛࢵࢡ〇࢚࢔࣮ࢫࢺ࣮ࣥ㸦 810㸪ࢲ࢖ࢺ࢘ࣈࢡ㸧
࡟ࢱ࢖ࢦࣥࢳ࣮ࣗࣈࢆ᥋⥆ࡋ࡚⾜ࡗࡓࠋᑐ↷༊࡛ࡣ㸪 10 cm ᚄࡢ࢔ࢡࣜࣝࣃ
࢖ࣉ࡟࡚ᰕ≧᥇Ἶࡋ㸪ᗏ㉁⾲ᒙ࠿ࡽ 5㹼 10 cm ࡢ఩⨨ࡢἾࢆ᥇ྲྀࡋࡓࠋ  












ᖺ 8 ᭶࠾ࡼࡧ 12 ᭶࡟ ᐃࡋࡓࠋ⯪ୖ࠿ࡽከ㡯┠Ỉ㉁ィ㸦AAQ177㸪 JFE ࢔




 2011 ᖺ 9 ᭶㸪 10 ᭶㸪 12 ᭶㸪 2012 ᖺ 7 ᭶࠾ࡼࡧ 10 ᭶࡟ᾏᗏࡼࡾ⮬↛Ⓨ
⏕ࡍࡿ࢞ࢫࢆᾏᗏ࡟タ⨨ࡋࡓࢳࣕࣥࣂ࣮࡟ࡼࡾᤕ㞟ࡋ㸪ᅇ཰ࡋࡓ࢞ࢫ㔞ࡢ 
ᐃࢆ⾜ࡗࡓࠋࡉࡽ࡟㸪2012 ᖺ 12 ᭶࡟ࡣ㸪ᗏ㉁ࢆ᣺࡜࠺ࡋࡓ࡜ࡁ࡟᤼ฟࡉࢀ
ࡿ࢞ࢫࢆ ᐃࡋࡓࠋࢫࣛࢢヨ㦂༊ࡢᗏ㉁ࢧࣥࣉࣝࡣࢲ࢖ࣂ࣮࡟ࡼࡾᗏ㉁࡟ᡭ
ື࣏ࣥࣉࢆᕪࡋ㎸ࡳ㸪ࡺࡗࡃࡾ྾ᘬࡋ࡚ࢫࣛࢢ㛫㝽ࡢἾࢆᅇ཰ࡋࡓࠋᑐ↷༊
ࡢἾࡣᰕ≧᥇Ἶ࡟ࡼࡾ᥇ྲྀࡋࡓࠋࡇࡢᗏ㉁ࢧࣥࣉࣝ⣙ 1000 ml ࢆ 2 L ᗈཱྀ
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⎼࡟ධࢀ࡚ᐦᑒ㸪ᗈཱྀ⎼ࢆ᣺࡜࠺ჾ㸦TS-4N㸪TAITEC㸧࡟࡚ᅇ㌿ᩘ 200 rpm㸪





 ➨ 2 ᅇヨ㦂ᚋࡢ 2013 ᖺ 2 ᭶㸪3 ᭶㸪4 ᭶࠾ࡼࡧ 6 ᭶࡟ᗏ⏕⏕≀ࡢᐃ㔞ศᯒ
ࢆ⾜ࡗࡓࠋࢲ࢖ࣂ࣮࡟ࡼࡾࢫࢸࣥࣞࢫ〇ᯟ㸦㠃✚ 25 cm25 cm㸪῝ࡉ 15 cm㸧




4.3. ヨ㦂⤖ᯝ  
4.3.1. ᗏ㉁㛫㝽Ỉ  
 ࢫࣛࢢ༊࠾ࡼࡧᑐ↷༊ࡢᗏ㉁㛫㝽Ỉࡢ pH ࡢ᥎⛣ࢆ Fig. 4-7(a) ࡟♧ࡍࠋᑐ
↷༊ࡢᗏ㉁㛫㝽Ỉࡢ pH ࡣ‴ዟഃ࡛ 7.0㹼 8.0㸪ᾏഃ࡛ 7.5㹼 8.5 ࡛᥎⛣ࡋ࡚࠾
ࡾ㸪‴ዟഃ࡛ pH ࡀప࠸ഴྥࡀ☜ㄆࡉࢀࡓࠋࢫࣛࢢヨ㦂༊࡛ࡣヨ㦂༊ A ࡛᪋
ᕤ┤ᚋࡣ 8.9 ࡜㧗ࡵ࡛࠶ࡗࡓࡀ㸪ࡑࡢᚋపୗࡋ㸪 7.1㹼 8.0 ࡛᥎⛣ࡋࡓࠋヨ㦂
༊ B ࠾ࡼࡧヨ㦂༊ C ࡛ࡣ 7.9㹼 8.4 ࡛᥎⛣ࡋ࡚࠾ࡾ㸪➨ 2 ᅇヨ㦂௨㝆࡛ẚ㍑
ࡍࡿ࡜ᑐ↷༊࡜ྠᵝ࡟‴ዟഃ࡛ࡸࡸప࠸ഴྥ࡜࡞ࡗࡓࠋ⁐Ꮡ◲໬≀⃰ᗘࡢ 
ᐃ⤖ᯝࢆ Fig. 4-7(b) ࡟♧ࡍࠋ➨ 1 ᅇヨ㦂࡟࠾࠸࡚㸪ᑐ↷༊࡛ࡣ 150㹼 350 mg 
S/L ࡜㧗⃰ᗘࡢ⁐Ꮡ◲໬≀ࡀ᳨▱ࡉࢀࡓࡢ࡟ᑐࡋ㸪ࢫࣛࢢ༊㸦A ヨ㦂༊㸧࡛
ࡣ඲࡚ࡢ ᐃ࡟࠾࠸࡚㸪᳨ฟ㝈⏺㸦 0.5 mg S/L㸧㹼 5 mg S/L ࡛᥎⛣ࡋ࡚࠾
ࡾ㸪ᑐ↷༊࡟ᑐࡋ࡚㢧ⴭ࡟ప఩࡛࠶ࡗࡓࠋ  
 ➨ 2 ᅇヨ㦂௨㝆࡟࠾࠸࡚ࡶ㸪ᑐ↷༊࡛ࡣ 60㹼 400 mg S/L ࡜㧗⃰ᗘࡢ⁐Ꮡ
◲໬≀ࡀ᳨▱ࡉࢀࡓࡢ࡟ᑐࡋ㸪ࢫࣛࢢヨ㦂༊࡛ࡣ᳨ฟ㝈⏺㹼 20 mg S/L ࡛᥎
⛣ࡋ࡚࠾ࡾ㸪඲࡚ࡢ ᐃ࡟࠾࠸࡚㸪⁐Ꮡ◲໬≀⃰ᗘࡣ㢧ⴭ࡟ప఩࡛࠶ࡗࡓࠋ
ࡲࡓ㸪➨ 2 ᅇヨ㦂ࡢヨ㦂༊ B ࠾ࡼࡧヨ㦂༊ C ࡟࠾࠸࡚⁐Ꮡ◲໬≀⃰ᗘࡣ࡯ࡰ
ྠ࡛ࣞ࣋ࣝ࠶ࡗࡓࠋᗏ㉁㛫㝽Ỉࡢ㓟໬㑏ඖ㟁఩ࡢ⤖ᯝࢆ Fig. 4-7(c)  ࡟♧ࡍࠋ
➨ 1 ᅇヨ㦂࡟࠾࠸࡚㸪ᑐ↷༊࡛ࡣㄪᰝ᫬ᮇ࡟࠿࠿ࢃࡽࡎ㸪㓟໬㑏ඖ㟁఩ࡣ -200 
mV ๓ᚋ࡜ప఩࡛㑏ඖⓗ࡛࠶ࡗࡓࡢ࡟ᑐࡋ㸪ࢫࣛࢢ᪋ᕤ༊࡛ࡣ -20㹼+100 mV
࡜ᑐ↷༊࡜ẚ㍑ࡋ࡚᫂ࡽ࠿࡟㧗఩࡛᥎⛣ࡋࡓࠋ 2 㐌ᚋ࠿ࡽ 8 㐌ᚋ࡟࠿ࡅ࡚ప
ୗഴྥࡀぢࡽࢀࡓࡀ㸪෤Ꮨ㸦 12 ᭶㸧࡟㧗ࡃ࡞ࡗ࡚࠾ࡾ㸪Ꮨ⠇ኚືࡶぢཷࡅࡽ
ࢀࡓࠋ➨ 2 ᅇヨ㦂࡟࠾࠸࡚ࡶྠᵝࡢഴྥࡀ⥅⥆ࡋ㸪ࢫࣛࢢ᪋ᕤ༊࡛ࡣ -20㹼
+100 mV ࡜ᑐ↷༊࡜ẚ㍑ࡋ࡚㧗఩࡛᥎⛣ࡋࡓࠋࡲࡓ㸪➨ 2 ᅇヨ㦂ࡢヨ㦂༊ B
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4.3.2. ┤ୖỈ  
 ࢫࣛࢢ᪋ᕤ༊࠾ࡼࡧᑐ↷༊ࡢ┤ୖỈࡢ pH㸪⁐Ꮡ◲໬≀⃰ᗘ㸪㓟໬㑏ඖ㟁





ࡽ  2010㸧࡜ഴྥࡀྜ⮴ࡋࡓࠋ  
 
4.3.3. 㖄┤᪉ྥࡢỈ㉁ࣉࣟࣇ࢓࢖ࣝ  
 㖄┤᪉ྥࡢỈ㉁ ᐃ⤖ᯝ࡜ࡋ࡚㸪2012 ᖺ 8 ᭶࠾ࡼࡧ 2012 ᖺ 2 ᭶ࡢ ᐃ౛
ࢆ Fig. 4-9 ࠾ࡼࡧ Fig. 4-10 ࡟♧ࡍࠋ࠸ࡎࢀࡶࢫࣛࢢ᪋ᕤ༊࡜ᑐ↷༊ࡢᕪࡣ
᫂☜࡛ࡣ࡞࠿ࡗࡓࠋ 2012 ᖺ 8 ᭶ࡢ ᐃ⤖ᯝ࡛ࡣ㸪Ỉ῝ 2 m ๓ᚋ࡛኱ࡁࡃኚ
໬ࡋ࡚࠾ࡾ㸪㌍ᒙࡀ⏕ࡌ࡚࠸ࡓࠋ⁐Ꮡ㓟⣲⃰ᗘࡣỈ῝ 2 m ࠿ࡽୗᒙ࡟࠾࠸࡚
࡯ࡰ↓㓟⣲≧ែ࡛࠶ࡗࡓࠋ୍᪉㸪2012 ᖺ 2 ᭶ࡢㄪᰝ࡛ࡣ㸪Ỉ㠃࠿ࡽᾏᗏࡲ࡛
࡯ࡰྠࡌỈ㉁࡛࠶ࡾ㸪ᾏᗏࡲ࡛⁐Ꮡ㓟⣲⃰ᗘࡀ㧗࠸ࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋ  
 
4.3.4. ᾏᗏ࠿ࡽࡢⓎ⏕࢞ࢫ  
㸦㸯㸧Ⓨ⏕࢞ࢫ㔞  
 ᾏᗏ࠿ࡽࡢ࢞ࢫⓎ⏕㔞ࡢ ᐃ⤖ᯝࢆ Fig. 4-11 ࡟♧ࡍࠋ ᐃ᫬ᮇ࡟ࡼࡾⓎ
⏕㔞ࡢࡤࡽࡘࡁࡀ࠶ࡿࡀ㸪ᑐ↷༊࡛ࡣ㸪 0㹼 0.23 cm3/cm2/h ࡛᥎⛣ࡋࡓࠋࡇ




 2012 ᖺ 12 ᭶࡟᥇ྲྀࡋࡓᗏ㉁ࢆ᣺࡜࠺ࡋࡓ࡜ࡁࡢᐜჾෆ࢞ࢫ⃰ᗘࡢ⤖ᯝࢆ
Fig. 4-12 ࡟♧ࡍࠋ◲໬Ỉ⣲࢞ࢫࡣᑐ↷༊࡛ࡣ‴ዟഃ࡛ 300 ppm㸪‴ཱྀഃ࡛
1200 ppm ࡛࠶ࡗࡓࡢ࡟ᑐࡋ㸪ࢫࣛࢢヨ㦂༊࡛ࡣ᳨ฟ㝈⏺ᮍ‶㸦㸺  1 ppm㸧
࡛࠶ࡗࡓࠋ஧◲໬ࢪ࣓ࢳࣝ࠾ࡼࡧ࣓ࢳ࣓ࣝࣝ࢝ࣉࢱࣥ࡟ࡘ࠸࡚ࡶ㸪ᑐ↷༊࡛
ࡣ᭱኱ 70 ppm ࠾ࡼࡧ 10 ppm ᳨ฟࡉࢀࡓࡢ࡟ᑐࡋ㸪ࢫࣛࢢヨ㦂༊࡛ࡣ࠸ࡎ
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4.3.5. ෤Ꮨ࠿ࡽ᫓Ꮨ࡟࠿ࡅ࡚ࡢᗏ⏕⏕≀ࡢ╔⏕  
 2013 ᖺ 2 ᭶ࡢᗏ⏕⏕≀ࡢ✀㢮ᩘ㸪ಶయᩘ࠾ࡼࡧ‵㔜㔞ࡢ ᐃ⤖ᯝࢆ Fig. 
4-13 ࡟♧ࡍࠋ୍᪉㸪ᑐ↷༊࡟࠾࠸࡚ࡣ⎔ᙧື≀ࡀ 1㹼 2 ✀㸪ಶయᩘ࠾ࡼࡧ‵
㔜㔞ࡣࡑࢀࡒࢀ 0.1 m2 ᙜࡓࡾ 20㹼 150 ಶయ㸪 0.5㹼 1 g ࡛࠶ࡗࡓࡢ࡟ᑐࡋ㸪
ࢫࣛࢢヨ㦂༊࡟࠾࠸࡚ࡣ㸪⎔ᙧື≀ࡸ㌾యື≀࡞࡝ 3㹼 6 ✀ࡀ☜ㄆࡉࢀ㸪ಶ
యᩘ㸪‵㔜㔞ࡣࡑࢀࡒࢀ 0.1 m2 ᙜࡓࡾ 500㹼 1400 ಶయ㸪5㹼 23 g ࡛࠶ࡗࡓࠋ
ࢫࣛࢢヨ㦂༊ C ࠾ࡼࡧᑐ↷༊㸦‴ዟഃ㸧ࡢỈ୰෗┿ࢆ Fig. 4-14 ࡟㸪ࢫࣛࢢ




4.4. ⪃ᐹ  
4.4.1. 〇㗰ࢫࣛࢢ࡟ࡼࡿᐇᾏᇦᗏἾࡢ⁐Ꮡ◲໬≀ࡢ↓ᐖ໬  
 ◲໬Ỉ⣲ࡣ㸪↓㓟⣲≧ែࡢἾ୰࡟࠾࠸࡚◲㓟㑏ඖ⳦ࡀ᭷ᶵ≀ࢆศゎࡍࡿ㝿㸪
◲㓟࢖࢜ࣥ㸦 SO4 2 -㸧ࡀ㑏ඖࡉࢀࡿࡇ࡜࡛⏕ᡂࡍࡿ㸦 (4-1)ᘧ㸧㸦Howarth et al.  
1992㸧ࠋ  
 











㸦Hayashi et al .  2013㸧ࠋᮏ◊✲࡟࠾࠸࡚ࡶࢫࣛࢢ࠿ࡽἾ୰࡟ Fe ࡀ⁐ฟࡋ࡚
➨ 2 ❶࡛♧ࡋࡓ (2-1㸧ᘧ࠾ࡼࡧ (2-2㸧ᘧ࡟♧ࡍ◲໬㕲ࡸ༢య◲㯤⏕ᡂ࡟ࡼࡾ






ࡀ⌧ࢀ࡟ࡃ࠸ࡓࡵ࡜⪃࠼ࡽࢀࡿࠋࡇࢀࢆ᳨ドࡍࡿࡓࡵ㸪2012 ᖺ 11 ᭶࡟ྛ 
ᐃⅬ࡟ሷ໬ࣅࢽࣝ〇෇⟄ᐜჾ㸦ෆᚄ 150 mm㧗ࡉ 300 mm㸧ࢆタ⨨ࡋ࡚ᗏ
㉁࡜ᗏᒙỈࢆ㝸㞳ࡋࡓ㸦Fig. 4-16㸧ࠋ 12 ᪥ᚋ㸦 2012 ᖺ 12 ᭶㸧࠾ࡼࡧ 86 ᪥
ᚋ㸦 2013 ᖺ 2 ᭶㸧࡟ᗏ㉁࠿ࡽ⁐ฟࡍࡿ⁐Ꮡ◲໬≀⃰ᗘࢆ᳨▱⟶࡟࡚ ᐃࡋ
ࡓ㸬Fig. 4-16 ࡟⿦⨨ࡢᶍᘧᅗࢆ㸪Fig. 4-17 ࡟ࡑࡢ⤖ᯝࢆࡑࢀࡒࢀ♧ࡍࠋᑐ
↷༊࡛ࡣ‴ዟഃ࡛ 50 mg S/L㸪ᾏഃ࡛ 6㹼 45 mg S/L ࡢ⁐Ꮡ◲໬≀ࡀ᳨ฟࡉ




4.4.2. ⛅Ꮨ࠿ࡽ෤Ꮨ࡟࠿ࡅ࡚ࡢ⁐Ꮡ㓟⣲⃰ᗘୖ᪼  








ᾏᗏࡢ⁐Ꮡ㓟⣲ࡀ◲໬Ỉ⣲࡟ࡼࡾᾘ㈝ࡉࢀࡓࡓࡵ࡜⪃࠼ࡽࢀࡿ㸦 (4-2)ᘧ㸧ࠋ  
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㦂༊ C ࡟࠾࠸࡚᭱ࡶಶయᩘ㸪‵㔜㔞ࡀ㧗࠿ࡗࡓࠋ 4.3.2.࡛㏙࡭ࡓࡼ࠺࡟ᾏഃ
ࡣ‴ዟഃ࡟ẚ࡭࡚┤ୖỈࡢ㓟໬㑏ඖ㟁఩㸪⁐Ꮡ㓟⣲⃰ᗘࡀ㧗࠸ഴྥ࡟࠶ࡾ㸪
ᗏ⏕⏕≀ࡢ⏕ᜥ࡟㐺ࡋࡓ⎔ቃࡀᙧᡂࡉࢀࡓ࡜⪃࠼ࡽࢀࡿࠋ  
2013 ᖺ 2 ᭶࡟⏕ᜥࡀ☜ㄆࡉࢀࡓࣘ࢘ࣞ࢖࣎ࣖࡣ㸪ᾏỈࢆࢁ㐣ࡋ࡚ᠱ⃮≀
㉁ࢆ㝖ཤࡍࡿࡣࡓࡽࡁࢆ᭷ࡍࡿࢁ㐣ᦤ㣗⪅ࡢ୍✀࡛࠶ࡿ㸦୰஭ࡽ  2013㸧ࠋ






4.4.4. 〇㗰ࢫࣛࢢࡢᗏἾ୰◲໬Ỉ⣲ᢚไᮦ࡜ࡋ࡚ࡢ㐺⏝ᛶ  
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4.5. ࡲ࡜ࡵ  
 ◲໬≀ࢆከ㔞࡟ྵࡴ࣊ࢻࣟ≧ࡢἾࡀᝏ⮯ၥ㢟ࢆᘬࡁ㉳ࡇࡋ࡚࠸ࡿ⚟ᒣෆ 
ࡢ⎔ቃᨵၿᑐ⟇࡜ࡋ࡚㸪〇㗰ࢫࣛࢢᧈᕸ࡟ࡼࡿ࣊ࢻࣟ୰ࡢ◲໬≀పῶᢏ⾡ࡢ
ᐇᾏᇦᐇドヨ㦂ࢆᐇ᪋ࡋࡓࠋ〇㗰ࢫࣛࢢࢆ 2011 ᖺ 8 ᭶࡟ 430 m2ࡢ㠃✚࡟㸪
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Table 4-1. Chemical composition of steelmaking slags  used for the present 








Table 4-2. Grain sizes of the slags used for the field experiments. Slag 





















Fig. 4-1. Location of the field test site and the enlarged map of slag 
construction area. 
T.Fe SiO2 CaO Al2O3 MnO MgO TiO2
Slag 1 17.5 29.3 33.0 6.0 8.7 4.9 1.2
Slag 2 20.7 12.7 42.2 3.1 2.7 6,2 0.5
Site
Slag Grain size Slag
Site A (August 2011) Slag 1 5-10 mm Slag 1 10-25 mm
Site B (July 2012) Slag 1 5-10 mm Slag 1 10-25 mm
Site C(July 2012) Slag 1 5-10 mm Slag 2 30-50 mm
Lower layer Upper layer
Grain size












Fig. 4-2. pH monitoring sites during the construction.  No. 1: Outside near 
the curtain to protect dispersion of silt (silt protector) . No. 2: 20 m far  

















Fig. 4-3. Changes of pH in seawater at No, 1 and No. 2  (see Fig. 4-2 














































































Fig. 4-4. Cross section diagrams of monitoring sites . (a) August to June 














Fig. 4-5. The sampling device to collect  gasses generated from the 
sediments. A plastic bag was set 50 cm above the bottom sediment in 
upside-down fixed with a frame pulling  upward with a float and 
downward with an anchor. 
-100 0 150





-100 0 50 150 200 250
100 0 50 100 150 25050 100 150 200 250-1 0 0 50 1 0
ᑐ↷༊䠄‴ዟ䠅 ᑐ↷༊䠄ᾏഃ䠅
100 0 65 134 244䠄䡉䠅10 134 24









(a) From August 2011 to June 2012
(b) From July 2012









































Fig. 4-6. The sampling device  to collect  gasses generated from the 
sediments. Sediments collected from the experimental sites by a diver 
were put into a 2 L air tight container with a plastic bag at the top of cap. 
The container was shaken for six hours  with a rotation speed of 200 rpm 








































Fig. 4-7. Temporal  changes of (a) pH, (b) dissolved sulfide, (c) ORP and (d) 
DO in the interstitial water  in the slag construction area and the control  
plots. See Fig. 4-4 for the sites of measurements.  
Jul.      Oct.      Jan.     Apr.     Jul       Oct.    Jan.     Apr.     Jul.
2011                2012                                      2013
6



















































䕿: bay head, 100 m
from A1 at site A
䕕: bay head, 50 m
䕻: bay head, 25 m
䕧: sea side 25 m
䕱: sea side 50 m
䖪: sea side 100 m





































Fig. 4-8. Temporal  changes of (a) pH, (b) dissolved sulfide, (c) ORP and (d) 
DO in the overlying water in the slag construction area and the control 
plots. See Fig. 4-4 for the sites of measurements.  





















































Jul.      Oct.      Jan.     Apr.     Jul       Oct.    Jan.     Apr.     Jul.
2011                2012                                      2013
䕿: bay head, 100 m
from A1 at site A
䕕: bay head, 50 m





䕧: sea side 25 m
䕱: sea side 50 m
䖪: sea side 100 m





























































Fig. 4-9. Vertical profiles of water temperature, pH, Eh and DO in the 
slag construction area and the control  plots in August 2011. ۑ :  control  
(bay head, 100 m from A1), ڦ :  A1, ۔ :  control (sea side 244 m from A1) in 
August 2011. See Fig. 4-4 for the sites of measurements.  





























































































































Fig. 4-10. Vertical profiles of water temperature, pH, Eh and DO  in the 
slag construction area and the control  plots in December 2011. ۑ :  control   
(back of bay, 100 m from A1), ڦ :  A1, ۔ :  control  (sea side 244 m from A1) 

















































































































Fig. 4-11. Volume of gas generated from the bottom sediments  (see Fig.  
4-5 regarding the sampling device ).  ۑ :  control  (head of the harbor, 100m).  
ڦ :  A1, ڸ :  B, ە :  C, ڹ :  control (sea side 100 m from A1).  ۔ :  control  
















Fig. 4-12. Concentrations of hydrogen sulfide, methyl mercaptan and 
dimethyl disulfide gasses in the sediments of Fukuyama Inner harbor. 
Gasses were collected after shaking the sediments sampled at the slag 
construction area and the control  plots  on December 8, 2012 (see Fig.  4-6 
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‴ዟ 2011༊ 2012༊䐟 2012༊䐠 ᾏഃ
䠄60cm䠅 䠄䠏0cm䠅 䠄10cm䠅 䠄20cm䠅 䠄50cm䠅


































































Fig. 4-13. Species number, individual number and wet weight of macro 
benthos observed in and on the sediments. Samples were collected at the 
sites with (B-1, C-1) and without (B-2, B-3) fluidly sediments covered 
after construction. Sampling was carried out on February 9, 2013 for C -2 



































































Fig. 4-14. Macrobenthos observed at Plot C and at Control plot in 




















Site C Conrol plot




Ciona savignyi Ciona savignyi











Fig. 4-16. Schematic illustration of the sampling chamber to collect 
















Fig. 4-17. Comparison of dissolved sulfide concentration in the overlying 
water collected with the device shown in Fig. 4 -16. December 2012 and 





























A B C Control
(sea side)




















Fig.  4-18. Sulfur cycles in and around the bottom sediments supposed 
before and after steelmaking slag application , (a) Without slag (lack of  










With slagWithout slag (lack of Fe)





































Organic matter + O2ൺ nCO2 + mH2O 
䐟Organic matter + SO42- + 2H+ൺ nCO2 + mH2O + H2S
ཱ2H2S + O2 ൺ 2H2O + 2S
䐟
䐠
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㹙➨㸲❶ࡢᘬ⏝ᩥ⊩㹛  
⚟ᒣᕷ⦅㸸ϫୗỈ㐨஦ᴗ㸪 http:/ /www.city.fukuyama.hiroshima.jp/  
uploaded/attachment/32983.pdf ,  (᭱⤊࢔ࢡࢭࢫ᪥㸸 2015.7.12㸧  
Howarth R. W. and J. W. B. Stewart:  The interactions of sulphur with 
other element cycles in ecosystems. Sulphur cycling on the continents: 
wetlands, terrestrial ecosystems and associated water bodies , SCOPE 
33, 67-84, 1992. 
Hayashi A., S.  Asaoka, T.  Watanabe, R.  Kaneko, K. Takahashi, Y. Miyata,  
K. Kim, T.  Yamamoto, R. Inoue and T.  Ariyama: Decrease of sulfide in 
enclosed coastal sea by using steelmaking slag, ISIJ International ,  
53(10), 1894-1901, 2013. 
ᐑ⏣ᗣே ,  ᯇỌஂᏹ ,  ⸈⏣࿴ဢ ,  ᯘ  ᫂ኵ ,  ᒣᮏẸḟ :  ᗈᓥ┴ᅉᓥ࡟㐀ᡂࡋࡓ
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㛤Ⓨ㸧 ,  68(2), I_564-I_569, 2012.  
୰஭ᬛྖ ,  ዟ⏣ဴኈ ,  すᔱ  ΅ :  ࣘ࢘ࣞ࢖࣎ࣖ (Ciona savignyi)ࡢᾏỈࢁ㐣⬟
ຊࡢホ౯ ,  ໬ᏛᕤᏛ఍  ➨ 45 ᅇ⛅Ꮨ኱఍ ,  ᒸᒣ ,  1041, 2013.  
ᆤᕝᘯᶞ ,  Ᏻ⏣カၨ ,  ⚟Ụṇ἞ :  ᗈᓥ┴⚟ᒣᕷෆ Ỉᇦࡢ≀⌮⎔ቃ㸫₻ὶࡢ
㖄┤ᵓ㐀࡜ᾏỈ஺᥮㸫 ,  ᾏ⎔ቃ࡜⏕≀࠾ࡼࡧἢᓊ⎔ቃಟ᚟ᢏ⾡࡟㛵ࡍࡿ
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ᆅࡽ  2005㸧ࠋ  
 ➨ 3 ࡟ᮾி‴࡟௦⾲ࡉࢀࡿ⯟㊰ὼ ࡸᾏ◁᥇ྲྀ࡞࡝࡟ࡼࡗ࡚࡛ࡁࡓ❑ᆅࡀ









































㹙➨ 5 ❶ࡢᘬ⏝ᩥ⊩㹛  
⎔ቃ┬ :  ᖹᡂ 21 ᖺᗘ ETV ஦ᴗࠕ〇㗰ࢫࣛࢢࢆ⏝࠸ࡓ⸴ሙ㐀ᡂ࣭Ỉ㉁ᨵၿᢏ
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2015 ᖺ 9 ᭶ ᐑ⏣  ᗣே  
